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in steel forms for the 
prestress concrete industry! 


Watco forms and accessories 
——_ mean trouble-free production 
for you. As one of the nation’s 
first and largest steel form pro- 
ducers, Watco has research 
and engineering know-how to 
.- guarantee every installation. 
Call or write now and find out 
* for yourself how Watco steel 
; ~~ ~ forms can improve your profit 
q Ns '’ and production picture on a 
. wide range of prestressed con- 

crete products. 




















Watco’s own fleet of trucks 
insures quick damage free 
delivery! 


STEEL FORMS 


DIVISION OF PLANT CITY STEEL CORPORATION 









Plant City Steel Corporation 


Write for your new revised 
Plant City, Fla. 


brochure. 
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For reliable performance in prestressed concrete 
use Bethlehem Stress-Relieved Strand 


@ Meets ASTM A416 

@ Uniform mechanical properties 

®@ Clean surface for tight bond 

Bethlehem stress-relieved strand deliv- 
ers top performance in prestressed con- 
crete because its manufacture and heat 
treatment are precisely controlled. The 
result is a strand which amply meets the 
exacting requirements of ASTM specifi- 
cation A416-57T. 

Bethlehem’s continuous, in-line opera- 
tion maintains stress-relieving tempera- 
ture within an extremely small range, 
providing a strand having constant and 
predictable mechanical properties—both 
within the same reel, and from reel to reel. 
With Bethlehem sstress-relieved strand 


there is no need for frequent cleaning of 
end diaphragms and strand grips due to 
clogging by foreign metal. Thus ‘‘down- 
time”’ is minimized. 

The 7-wire strand, made in continuous 
lengths, has good flexibility and is easy 
to handle. And Bethlehem strand saves 
time on the job because crossovers during 
unreeling are held to a minimum. 

Feel free to talk over your requirements 
with a Bethlehem engineer. To start the 
ball rolling, get in touch with the nearest 
Bethlehem sales office. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


Export Distributor: 
Bethlehem Steel Export Corporation 
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The number one choice 
for the pre-stressed 
industry! 


THE SMITH TURBINE “TYPE MIXER 


The Smith Turbine Mixer—proved successful in over 100 
installations — is a compact, lightweight, vibrationless mixer | 
that can be easily installed in your batching operation. : 




























If you’re building a new plant, use of the Smith Turbine 
permits lighter, lower, less expensive structures. 


If you’re converting an old plant, the Turbine can 
frequently be installed without extensive, major modifica- 
tions — in places where no other mixer will fit! 


Cycle time with The Smith Turbine is fast enough to charge 
up to 20 trucks an hour. What’s more, the Turbine can 
discharge in four different directions, allowing you to 
alternate wet and dry mixes — handle pre-stressed 
ready-mix, block, or pipe batches all in the same machine. 


Investigate the Smith Turbine. Write or call — we'll gladly 
tell you in detail how others are finding it the ideal way 
to beat competition while supplying higher-quality concrete. 


Making dollars and sense in over 100 successful installations! 


Since 1900, the pioneer designer and foremost 


manufacturer of the world’s finest mixers 





THE T.L. SMITH COMPANY 


Milwaukee 1, Wisconsin « Lufkin, Texas 


Affiliated with Essick Manufacturing Company, Los Angeles, Calif. 
A9-4073-A 
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QUALITY BRANDED 


VULUMS LLGnliur BOUND 


, FULLY GUARANTEED 


PRESTRESS WIRE AND STRAND 


Who makes it? Sumitomo Electric Industries, 
Ltd., the largest manufacturer of wire and 
cable in the far east — established in 1897 - 
and known the world over. 


What about quality? All wire and strand is 
made to ASTM specifications and fully 
guaranteed—your assurance of high quality. 


Who imports & distributes it? We do— Kurt 
Orban Company, Inc. We've imported a 
million tons of steel and steel products in 
the last ten years, plus all types of precision 
machine tools and industrial equipment. 
We've supplied some 2000 accounts — in- 
cluding some of the best known names in 
this hemisphere—with everything from nails 
to complete plant installations. 


Who guarantees it? We do—Kurt Orban 
Company, Inc. Our reputation, our ex- 
perience and our resources are behind this 
guarantee. A Kurt Orban representative is 
always just a phone call away. 


PRESTRESSED CONCRETE ISTITUTE [ \ 








SS 


Member of Prestressed Concrete Institute 
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Who buys it? Major prestress contractors in 
the U.S. have ordered and re-ordered, con- 
tractors who value quality. How about you? 


KOC products for Prestressors: 
Wire—ASTM A-421-58T 
Strand—ASTM A-416-57T 

Test Certificates Supplied 
Wire rods—ASTM A-15-54T 
Bright wire—ASTM A-82 
Reinforcing bars—ASTM A-15-54T 
and ASTM 305 


Send for these booklets today 


“Wire and Strand For Prestressed Concrete” 
and “How to Be At Home With Products 
Made Abroad”, the story of the Kurt Orban 
Company, Inc. 


URT ORBAN 


COMPANY, INC. 


34 Exchange Place, Jersey City 2, New Jersey 
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POZZOLITH ... makes good prestressed concrete better 





Post-tensioning cables—fourteen flexi- 
ble conduits, each containing 





twenty-five -inch tendons are 
draped within each girder section. 








The huge monolithic, intersecting pre-stressed 
girder system sketched here is the heart of 
a unique engineering and construction achieve- 
— In a continuous 16-hour placing opera- 
tion, the girder was cast in place fifty-feet 
above grade. PozZOLITH was used in the 350 
cu. yds. of concrete to meet these rigid 
requirements: 
e 28-day strength of 5000 psi 
e slow initial set to avoid cold joints 
e extremely high degree of workability to 
prevent voids and honeycombing in girders 
crowded with reinforcing steel and post- 
tensioning cable conduits 
In addition, PozzoLiTH was used in all job- 
placed concrete—for foundations, walls and 
exterior supporting columns to obtain in- 
fl peetres workability and minimum shrinkage. 
The local Master Builders field man will 
welcome discussing your requirements. 
Remember, Pozzo.itH concrete is higher in 
quality and more economical than plain con- 
crete or concrete made with any other 
admixture. 


i 
I 





MASTER BUILDER 
POZZOLITH 


*POZZOLITH is a registered trademark of The Master Builders Co. 
for its concrete admixture to reduce water and control entrainment of air and rate of hardening. 





Unique structural system 
for Utica’s newest art werent 





DESIGNED BY ARCHITECT PHILLIP JOHNSON AND ENGI- 
NEERED BY DR. LEV ZETLIN—this concrete tic-tac- 
toe provides an interior free of columns for 
Munson -Williams-Proctor Institute Art 
Gallery in Utica, New York. Contractor: 
George A. Fuller Company, New York; Super- 
vising Architects, Bice and Baird of Utica. 
PozzOLITH ready-mix concrete from American 
Hard Wall Plaster Company, Utica. 


The Master Builders Company, Cleveland, Ohio 
Division of American- Marietta Company 

The Master Builders Company, Ltd., Toronto, Ontario 
Represented in foreign countries by: 

Master Builders International, Nassau, Bahamas 
Division of American-Marietta, C.A. 

Branch Offices in all principal cities. 
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EXPERIENCE —the Important Ingredient in 
CFI Prestressed Concrete Strand and Wire 


Years of wire drawing experience have 
earned for CFal a reputation as a leading 
producer of top quality wire. In manufac- 
turing Prestressed Concrete Strand and 
Wire, CFal cails on this depth of experi- 
ence. The result: another dependable prod- 
uct for the construction industry. 


CFal Prestressed Concrete Strand — For 
pretensioning of prestressed concrete struc- 
tures. Made to ASTM A-416, this 7-wire 
strand is stress relieved after stranding to 
improve its elastic properties and assure 
uniform, high tensile strength. 


CFal Prestressed Concrete Wire — For 
post-tensioned concrete structures. Made to 
ASTM A-421, this wire has excellent elastic 
and uniform mechanical properties. It will 
lie flat and straight when uncoiled, which 
makes it easy to work and handle. It is rec- 
ommended for either Type BA (Button) or 


7S16a 


Detroit * New 


Type WA (Wedge) anchorage methods of 
post-tensioning. 

For prompt delivery to any location across 
the country, call the nearest CFal office. 
Ask for CFal’s new series of folders on 
steel products for the Prestressed Concrete 
Industry: W-202 (Strand); W-209 (Wire); 
and WWR-806 (Fabric). 


Other CFalI Products for the Prestressed 
Concrete Industry — Clinton Welded Wire 
Fabric ASTM A-185 * CFal Concrete Re- 
inforcing Bars and Rods ASTM A-15 
CFal Wire for Concrete Reinforcement 
ASTM A-82 ¢* CFal Hard Drawn Pre- 
stressed Concrete Wire ASTM A-227 (Pre- 
stressed Concrete Pipe) * CFal Hard Drawn 
Prestressed Concrete Wire for Redrawing 
(Prestressed Concrete Tanks) «* Cal-Tie 
Wire * Wickwire Rope and Slings 


PRESTRESSED CONCRETE STRAND AND WIRE 


THE COLORADO FUEL AND IRON CORPORATION STEEL. 


In the West: THE COLORADO FUEL AND IRON CORPORATION — Albuquerque * Amarillo 

} Billings * Boise * Butte * Denver * El Paso * Farmington (N.M.) © Ft. Worth * Houston 

|) Kansas City * Lincoln * Los Angeles * Oakland * Oklahoma City * Phoenix ° Portland 
Pueblo * Salt Lake City * San Francisco * San leandro * Seattle * Spokane * Wichita 

In the East: WICKWIRE SPENCER STEEL DIVISION — Atlanta * Boston * Buffalo * Chicago 

Orleans * New York ¢ Philadelphia 

CF&I OFFICE IN CANADA: Montreal * CANADIAN REPRESENTATIVES AT: Calgary * Edmonton 

Vancouver * Winnipeg 
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REFRESHINGLY NEW... 


Fiex - TEE : A PRESTRESSED, 


SINGLE STEM, PITCHED ROOF DECK} 


Here is the new roof member that fulfills both architectural and structural require- 
ments for commercial, industrial and residential structures, schools and churches. 
Backed by a carefully engineered and thoroughly tested design, here are some of 
the features which explain the growing acceptance of FLEX-TEES for use on 
many structures—Pleasing appearance of the 1: 12 roof pitch; choice of any span 
(clear) between 24’ and 52’-8” in 6’ width; optional overhang with flat cantilevered 
soffit; elimination of filler blocks at ends; simplified bearing wall construction; 
anchor dowel connections to walls requiring no welding; uniform camber allowing 
immediate and rapid application of insulation and roofing material; reduced 
erection time because of rapid closure of buildings; suitability of underside for 
handsome exposed beam or hung ceiling treatment. 

The simplicity of manufacturing FLEX-TEES in a production yard or at the 
jobsite adds to the economy and flexibility of this roof deck. 


For complete details, write for new brochure. 
Manufacture of FLEX-TEES authorized under franchise. 


FLEXFORMS, INC. 
Affiliated with The Prescon Corp. 
1445 West Quincy 
Englewood, Colorado 
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PRESTRESSED JOBS 
ARE LONG ON 
QUALITY. . . when the strand is (iss) steel! 


You get trouble-free tensioning...strand that 

lays out straight, makes installation easy, 

gives a clean and easily-gripped surface...from F 

USS Super-Tens. It’s made with uniform top Columbia-Geneva Steel 
quality in every reel—by the pioneer producers Division of 

of prestressing strand. For your next job, specify United States Steel 
USS Super-Tens—only high-tensile strength, 

stress-relieved strand made in the West! 
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Form voids with low-cost 


VOIDED concrete piles 





A . ee eee 
4 SONOVOID: " J 
‘\. FIBRE TUBES 
~ ie a a 


—_—_——_— 


In precast, prestressed piles, voids 
formed by Sonovolp Fibre Tubes dis- 
place low-working concrete to 
reduce weight and save concrete and 
reinforcing steel. These lighter weight 
voided piles, save time, labor, and re- 
quire less costly handling and driving 
equipment. 


The advantages of the voided principle 
—weight and cost reduction—also ap- 
ply to other types of concrete construc- 


tions. Specifically designed to form 
voids in concrete slabs, bridge decks, 
and other cast-in-place, or precast, pre- 
stressed members, Sonoco SONOVOID 
Fibre Tubes help contractors save time, 
labor, materials, and money. 


Order standard 18’ lengths or required 
lengths, in sizes from 2.25” to 36.9” 
O.D. Can be sawed —end closures 
available. 


See our catalog in Sweet's 


@ HARTSVILLE, S.C. 

@ LA PUENTE, CALIF. 
@ FREMONT, CALIF. 
@ MONTCLAIR, NJ. 
@ AKRON, INDIANA 
@ LONGVIEW, TEXAS 
@ ATLANTA, GA. 

@ BRANTFORD, ONT. 
@ MEXICO, D.F. 
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For complete information and prices, write 


SONOCO 
Construction Products 


SONOCO PRODUCTS COMPANY 4517 
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New Pier 40, a massive concrete structure 
800 feet square, is taking form in New York 
harbor. When completed in 1960, it will re- 
place five older finger piers and will be one 
of the most efficient ship handling facilities 
in the country. 

Substructure of the pier consists of a pre- 
stressed concrete slab deck resting on poured- 
in-place concrete beams and caps, supported 
on steel H-piles. 

Six thousand prestressed slabs were used 
to form the deck. They measure 1 ft. thick, 
about 5 ft. wide and 20-25 ft. long. A large 
portion of this structural material was preten- 
sioned with Laclede 7-wire prestress strand. 

General contractor for all substructure work 
on the pier was Stock Construction Corpora- 
tion, under contract with the Department of 
Marine and Aviation, City of New York, whose 
engineers are Roberts and Schaefer Company. 


i 
WX 404): 


I} 


DISTRICT OFFICES: Chicago, Illinois 


Dallas, Texas 
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amare: GENERAL OFFICES: St. Louis, Missouri 


Houston, Texas 
Kansas City, Missouri 





PRESTRESSED CONCRETE SLABS FOR NEW YORK PIER 





Moline, Illinois 
New Orleans, Louisiana 
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@ For the new Holland-America Line 
Pier in New York, 6,021 prestressed 
concrete slabs were used in order to 
accommodate extremely heavy ulti- 
mate loads on a deck of minimum 
thickness (12”) resting on widely-spaced 
stringers (20’ apart). Design loads ran 
as high as 600 pounds psf. 


Slab production and placement —a joint 
venture of CorBETTA CONSTRUCTION 
Co., Inc. and PREcRETE, INc. (both of 





AMERICA’S 
FIRST 
HIGH EARLY 
STRENGTH 
CEMENT 











I5 ACRES OF P/s SLABS 





(Above) New Flagship Rotterdam at 
Pier 40 on maiden voyage. Pier will 
have all-concrete superstructure. 
(Left) Typical slab being unloaded on 
pier deck. Most slabs measured 5’ x 
20’ x 12”; weighed 7% tons. 


New York)—continued at a high rate 
through an extremely cold Winter. De- 
pendable ‘Incor’ High Early Strength 
Cement was used in an 8-bag, steam- 
cured, 5000-psi concrete, with stress- 
release strength specified at 3500 psi. 
285 special 6000-psi slabs were released 
at 4650 psi. Release strengths were 
generally attained in 15 hours. Joints 
were concreted with 3750-psi ‘Incor’® 
concrete, permitting loaded trucks to 
ride over deck sections in two days. 


LONE STAR CEMENT 


CORPORATION 


100 Park Avenue, New York 17, N. Y. 


One of the world’s leading cement producers 


Offices in 17 major cities 
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Dr. Joseph Weil 
Dean of the College of 


Engineering, University of 
Florida, Gainsville, Fla. 
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= o  --§ << ii REE Sere: 
GUEST EDITORIAL 


he prestressed concrete industry has become an 

important part of the building and construction 
industry in this country since its initiation less than 
a decade ago. Few industries can boast of equal ac- 
complishment in so short a time. The success of this 
infant and yet major industry must be attributed to 
the fact that it met the needs of the structural de- 
signer in furnishing economical and safe structural 
components for bridges and commercial buildings, 
large and small. 

The University of Florida has made many signifi- 
cant contributions to the prestressed concrete indus- 
try which had its infancy and early growth in Florida. 
(Florida, I believe, still leads all the other states in 
the number of prestressing plants.) Research in pre- 
stressed concrete at the University of Florida, through 
the cooperative efforts of our State Road Department 
and the Prestressed Concrete Institute, has been go- 
ing on for almost ten years. The results of these in- 
vestigations are being made public through our own 
bulletins, the JOURNAL of the Prestressed Concrete 
Institute, and other national publications, providing a 
better understanding among engineers and architects, 
of the behavior of prestressed concrete members. In 
cooperation with the Prestressed Concrete Institute 
we have held three national short courses which were 
attended by about one thousand professional people 
from various parts of the United States as well as 
other countries. Many of our graduates are presently 
employed, some in key positions, in the prestressed 
concrete industry all over the country and abroad. 

The prestressed concrete industry is still young. It 
has a bright and challenging future. Prestressed Con- 
crete Institute members and officers must meet this 
responsibility by continued efforts in solving the many 
problems in design, application, and quality control. 
The success of the past promises to be only the 
beginning for the industry. 

Engineering schools have a responsibility for edu- 
cating students so that they will be able to utilize 
this new technology in a practical manner upon 
graduation. The industry has a responsibility to sup- 
port research in engineering schools so that new 
knowledge is generated and that educators keep con- 
tinually abreast of new developments as they arise. 
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EDITOR’S COMMENTS 


Dean Joseph Weil, our Guest Edi- 
torial Writer, is known nationally as 
one of the country’s leading proponents 
of nuclear energy. On the one hand 
a giant in scientific and _ technical 
accomplishments as Director of the 
Engineering and Industrial Experiment 
Station which produced that ingenious 
radio proximity fuse, the hurricane net- 
work for the Weather Bureau and in- 
numerable defense devices, Dean Weil 
is equally a titan of education, dispens- 
ing his powerhouse of brains and energy 
to all branches of engineering, the re- 
sults of which add up to legends. And 
if no more than his vast contributions 
to the prestressing industry be of in- 
terest to you, that alone would merit 
his national acclaim as pioneer and top 
contributor. For the Dean perceived 
early the future and magic of pre- 
stressed concrete, opened the Experi- 
ment Station to the first research pro- 
gram projected by PCI, took up a large 
portion of its costs and has since sparked 
three national short courses for pro- 
fessionals. The last paragraph in his 
editorial should be displayed in every 
school of engineering and in every 
prestresser’s office. 

° ° fo} 

Before you start the first article, 
take a relaxed posture, your feet up on 
a desk, a bottle of milk, pop or Three 
Star by your side, an ash tray within 
aiming distance, then meet Richard 
Gensert, consulting engineer, talented, 
creative and imaginative as expressed 
by his “Shape of Prestressed Concrete.” 

° a co 

Still relaxed? Now meet Milo Ketch- 
um of Denver, rich in experience and 
accomplishments, and in creative de- 
sign. Milo writes about a prestressed 
tapered roof joist, a new product which 
might, I believe, very easily make a 
grand slam in universal use for its 
efficacy, and aesthetic appearance. 

oO oO o 


Our next paper presents a_ recent 
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application of prestressing in building 
construction which combines the ad- 
vantages of a folded plate concrete 
roof with post-tensioning in place—the 
author, James Owen Power, member 
Dignum Associates, Coral Gables, Fla. 
cod oO ° 

E. A. L. Smith, retired chief me- 
chanical engineer, Raymond Interna- 
tional, Inc., draws upon long and 
important experience to tell us about, 
“Tension in Concrete Piles During 
Driving.” 

o o o 

Harry Edwards, pioneer in prestress- 
ing—formerly Chairman PCI Specifica- 
tions Committee, Member PCI Build- 
ing Code Committee; President Leap 
Associates, Lakeland, Fla., presents a 
most interesting and provocative paper, 


“Connections by Bond.” 


cod ° o 
“Corrosion Tests on Prestressed Con- 
crete Wire and Strand,” by Howard J. 
Godfrey, John A. Roebling’s Sons divi- 
sion, is based on the most responsible 
knowledge, research and tests available. 
o ° o 
Murray Schupack, partner, Schupack 
& Zollman, nationally famous consult- 
ing engineers, presents one of his typi- 
cal top-notch bridge designs for a 
structure built in Illinois. 


° ° ° 


An original paper, “Composite Con- 
struction for Continuity,” by Eivind 
Hognestad, Alan H. Mattock and P. H. 
Kaar, Portland Cement Association, re- 
flects the optimum in equipment owned 
by their Research and Development 
Division and the outstanding scientific 
caliber of their staff. 

° o ° 

Ross H. Bryan, consulting engineer, 
Nashville, Tenn., gives us a most valu- 
able paper, “The Effect of Bundled 
Strand on the Performance of Pre- 
stressed Beams,” based on his own 
tests which I recommend to the world. 
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The Shape of Prestressed Concrete 


By R. M. Gensert* 
Illustrations by Robert C. Gaede, Architect 


The author sees an individual personality developing in pre- 
stressed concrete as the industry gains maturity and attacks 
new problems. Mr. Gensert shows how many prestressing 
problems have been solved by the trial and error method. 


| gastagpexamach the advent of a 
new material confronts us with 
the problem of finding its unique 
personality. This problem comes a- 
bout through the effort to substitute 
for an established material. In the 
case of concrete, its first uses were 
imitations of heavy masonry arches. 
But as designers and builders be- 
came more familiar with the proper- 
ties of concrete, we saw it used 
linearly in beam and column con- 
struction and eventually in the flat 
slab and thin shell where it becomes 
a three-dimensional medium. 
Today, the precast, prestressed 
industry is faced with the same de- 
velopmental problem—that of re- 
placing steel and wood beams and 
columns, with precast prestressed 
members. We all know that this is 
another step in the maturing of a 
material, yet we need to be aware of 
the fact that this material undoubt- 
edly has its own form and function. 
The discovery and exploitation of 
the true character of prestressed 
concrete would not only change the 
status of this construction from 
merely an alternate design for other 
materials, but would project it far 
beyond into a form of construction 
wherein it would have its individual 


*Gensert, Williams & Associates 
Consulting Structural Engineers; Cleve- 
land, Ohio 
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personality and advantages and no 
competition. 

This problem is also evident in 
the young sister material, structural 
aluminum. One particular instance 
was a competition between struc- 
tural steel and structural aluminum 
wherein a tower was to be built for 
the least cost—weight and mainten- 
ance not to be considered. The alum- 
inum interests employed a staff of 
specialists to attack the problem, 
wherein aluminum angles and wide 
flange shapes were sized for the max- 
imum stresses that the aluminum 
would be subjected to. In spite of the 
fact that nothing was overdesigned, 
the steel structure cost less. Still de- 
termined to break the cost barrier, 
the problem was reattacked by em- 
ploying thin, extruded, fluted plates 
arranged to form a large cylinder. 
This solution not only beat the cost 
of the steel frame but produced a 
structure that was very pleasing to 
the eye. Just think what could be 
accomplished in the case of con- 
crete! When precast, prestressed 
concrete shaped as I-sections and 
wide-flanged sections is already 
competitive with structural steel in 
many cases, imagine the cost savings 
possible by taking advantage of the 
one great property concrete has— 
that is the ability to be shaped into 
thin, curved sections where every 
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portion of the material is stressed 
to its limit. 


In Structures 

By using precast, prestressed con- 
crete in much the same way as other 
materials, we are faced with prob- 
lems. For instance, Fig. 1 shows a 
precast bleacher that was designed 
along the same lines as a structural 
steel bleacher. Struts were incor- 
porated to brace the columns and 
were connected as shown in Fig. 2, 
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leaving clip angles and bolts for 
everyone to view. The platforms of 
this bleacher were adapted channel 
sections, producing voids between 
supporting beams as well as a very 
cluttered ceiling. See Fig. 3. By 
using concrete naturally, a row of 
columns could have been replaced 
with a cantilevered extension of the 
beam, and by slightly increasing the 
column sizes, the struts could have 
been eliminated. See Figs. 4 and 5. 

The deck, too, could have been 
cleaned up by the use of prestressed 









































L-shaped slabs as was done for a 
grandstand in Columbus, Ohio. The 
L-shaped slabs for the Columbus 
Trotting Association were construct- 
ed by the Concrete Masonry Cor- 
poration in Elyria, Ohio. Fig. 6 is 
a picture taken during the load test 
of one of these slabs when the live 
load was twice the design value. 
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In Connections 


The problem of connecting pre- 
cast elements is a substantial one, 
not only insofar as costs are con- 
cerned, but also from the standpoint 
of appearance. The beam connec- 
tions shown in Fig. 7, made by 
means of partial prestressing, are 
far more desirable appearancewise 
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Fig. 6 


than the beam connection shown in _ of larger span. It is obvious that the 
Fig. 8, where clip angles and bolts shell also has a greater resistance 
are used. to buckling whereas the truss will 


require bracing members to attain 
stability. Assuming that the curved 

Again, let us evaluate the pre- shell roof would not architecturally 
stressed concrete truss shown in replace the flat roof of the truss, it 
Fig. 9 where the shape was deter- 
mined by its steel prototype. Com- 
pare this in both cost and appear- 
ance with that of Fig. 10 where 
precast shell segments are tensioned 
together to make a shell structure 
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PAECAST CONCRETE ELEMENTS 
CONNECTED AS IF THEY WERE 
MADE OF STAUCTURAL STEEL 
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PRECAST CONCRETE ELEMENTS 
CONNECTEO BY POST- TENSIONING 
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may be more expeditious to use a 
precast, prestressed truss without 
the cumbersome diagonal members. 
This later system, the Vierendeel 
truss, is more appropriate for the 
flexural capabilities of prestressed 
concrete, Fig. 11. 

Fig. 12 shows the familiar pre- 
stressed concrete simple beam, the 
cables of which are draped so as 
to eliminate the eccentric moment 
at the end of the beam where the 
moment from the applied loads is 











PRECAST CONCRETE TRUSS 





zero. It is not only convenient con- 
struction to keep the tendons 
straight but we also have the ad- 
vantage of eliminating frictional 
losses. We could make the beam 
deeper at the ends than in the cen- 
ter, as in Fig. 13, to eliminate the 
eccentric prestress moment. The 


resulting beam takes on an arch- 
like appearance and thus gives us 
a clue to one facet of the prestress 
personality. Fig. 14 shows such a 
prestressed beam in use. 
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In Continuity 


Cast-in-place construction pre- 
sents a problem in _prestressing 
where continuity is involved since 
frictional losses may be a prime 
factor in construction. Fig. 15 shows 














TRUSS I 


a typical solution where the tendons 
are kept straight and the concrete 
section varies throughout the span. 
Thus prestressed concrete has a de- 
finite profile whether it is precast 
or cast-in-place. 


Pre-stress force ot neutral axis of beam 
thus creating ro internal moment since 


external loads do ro 
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ARTICULATED STRAVCTURE WITH DRAPED CABLES re 
1G 


We spend much time and effort 
worrying about the loss in prestress 
and joint efficiency in continuous 
structures. In actuality, the contin- 
uous beam is not as efficient as an 
articulated beam system, where 
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negative moments from the canti- 
levers reduce the adjacent positive 
moments. Fortunately, the draped 
strands for anchoring positive re- 
inforcing are in ideal position for 
reinforcing the relatively short can- 
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tilevers. Fig. 16 illustrates the de- 
tails of such a structural mechanism. 

In large auditoriums and theaters, 
the depth of roof beams becomes 
excessive and represents an appreci- 
able expense when one considers 
the amount of extra wall construc- 
tion required to enclose the space 
above the ceiling line. Prestressed 
concrete, unlike other materials, ex- 
hibits an inherent quality of resist- 
ance to buckling when the tendons 
are bonded. This was taken advan- 
tage of in a school auditorium for 
St. Stanislaus in Cleveland, Ohio. 
(Nicholas Lesko, Architect) Fig. 17 
shows the beams upset above the 
roof deck. Accordingly, these com- 
pression flanges were laterally un- 
supported. A load test on a similar 
project for the St. Vitus School Audi- 
torium in Cleveland (John F. Lipaj, 
Architect) substantiated this theory. 
The deflection curves for the St. 
Vitus beam are shown in Fig. 18. 

Generally, the compression flanges 
of prestressed concrete beams re- 
quire a larger area than the tension 
flanges. Thus, the usual system of 
beams for bridge construction may 
be wasteful both in the amount of 
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concrete which is used as well as 
the dead load that is produced. See 
Fig. 19. An alternate solution to 
this might be one in whici the top 
flange is wide enough to resist com- 
pressive buckling stresses, whereas 
the tension flange is a minimum. 
The addition of web material may 
also be desirable for shear and tor- 
sional resistance. See Fig. 20. There 
is no doubt that form costs for the 
bridge beams shown in Fig. 20 will 
be high. However, this is a prob- 
lem of manufacture that is no great- 
er than the many other once-insur- 
mountable obstacles that have been 
solved by the industry. 


In Compression Members 

The first lift in a Youtz-Slick lift- 
slab system of construction requires 
a cantilevered column. Subsequent 
lifts are limited to a lesser degree, 
but the column strength is still a 
function of its tendency to buckle. 
In multi-story buildings, the cost of 
steel columns sets quite a handicap 
on the lift-slab method. While con- 
ventional concrete columns are no 
match for the elastic steel columns, 
the solution to this problem can lie 
in prestressing. Here again we build 
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TYPICAL PRECAST BEAMS 


FOR A BRIDGE 


a stabilizing force into the member, 
and virtually eliminate the buckling 
of unstable bending and compres- 
sion members. 


in Shell Roofs 

The economies that have been 
produced with the cast-in-place, 
folded plate, and the barrel shell 
should be available to the precast 
business as well. Figs. 21 and 22 
show two possibilities in this re- 
gard. Perhaps the biggest problem 
is obtaining some degree of trans- 
verse continuity. Fig. 21 shows one 
method of obtaining this transverse 
connection by the use of high-tensile 
bolts. Fig. 22 shows another method 
wherein transverse ribs are post- 
tensioned together for the purpose 
of making this connection. A typical 
arrangement for the longitudinal 











PROPOSED PRECAST BEAMS 


FOR A BRIDGE 


steel in prestressed thin shells is 
illustrated in Fig. 23. 
In Conclusion 

The coming of age of any con- 
struction method is a slow and 
tedious process that often diverges 
in many directions before it realizes 
its final position in the design and 
construction field. This is good. Mis- 
takes are necessary steps in the 
learning process that serve as meas- 
uring devices for the final coup. 
Such an accomplishment, however, 
cannot be done by one individual 
or even one segment of the industry. 
Prospective building owners, manu- 
facturers of prestressed concrete 
products, contractors, architects, en- 
gineers, and even municipal build- 
ing departments must all work to- 
gether in an effort to understand 
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problems, limitations, and new uses 
for this construction. In the Cleve- 
land area we have been most for- 
tunate to have at least two compe- 
tent concrete products plants that 
have been willing to interrupt their 
production lines in order to manu- 
facture some non-typical products. 
This pioneering spirit has resulted 
in the construction of arches, shells, 
domes, vaults, and many other 
special building and bridge mem- 
bers. 

Before closing this dissertation on 
the natural form and function of 
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prestressed concrete, I must admit 
that these examples are not intend- 
ed to be the optimum solutions of 
the. precast, prestressed medium. 
They are merely simple, forthright 
solutions to specific problems rather 
that problems derived from _pre- 
conceived solutions—to wit we might 
consider the advice of Ralph Waldo 
Emerson: “Imagination cannot go 
above its model. The imitator dooms 
himself to hopeless mediocrity . . . 
In the imitator something else is 
natural, and he bereaves himself of 
his own beauty, to come short of 


Posé - Tensioning Cables 




















v4 
In tegrp! Sash Units 














PRESTRESSED THIN SHELLS 





FIG. 
23 











24 


% Precapl Element 22 





Prestressing Steel 


PCI Journal 


' 











Prestressed Tapered Joists for Roofs 


Milo S. Ketchum 


Ketchum, Konkel and Hastings 
Consulting Engineers 
Denver, Colorado 


SYNOPSIS 


Maximum economy of material in prestressed 
concrete roof construction indicates that the 
joists be sloped to a maximum depth at the 
peak with an absolute minimum depth at the 
supports. Using this criterion, a series of single 
tee joists were developed for use with modular 
forms. The area at the support is increased by 
increasing the width of the flange to the full 
width of the joist. Some of the problems of 


design are discussed. 


i n the competitive market that now 
exists for roof construction for 
single story buildings, it is absolute- 
ly necessary to have a minimum of 
materials combined with maximum 
utilization of forms. At the same 
time the structure must be flexible 
in its adaptation to dimensions in 
the field and must have that intangi- 
ble value of appearance which will 
create consumer demand. 

These basic requirements have led 
to the design and development of a 
pre-cast joist called the Flex-Tee by 
the manufacturer, Flexforms, Incor- 
porated of Englewood, Colorado. A 
sketch of a typical unit is shown in 
Fig. 1. The span of joists varies from 
24 feet to 54 feet for a 45 psf roof 
load. Over 54 ft. and up to 60 ft. 
slightly less live load can be carried. 
The slope of the top of the joists is 
a constant 1 to 12 pitch. The end 
depth varies from 10 in. to 7 in. 
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depending upon the point of anchor- 
age. The slab can be cantilevered 
any reasonable distance beyond the 
anchorage. The minimum width of 
the web at the bottom of the joist 
is 4.25 in. and increases toward the 
flange. The slope of each side of the 
web is a constant 1 to 10 so that for 
the greatest depth the width of the 
web is about 10.25 in. 

At a point about 6 ft. from the 
end of the joist the flange increases 
in depth so that it is the full depth 
of the member at a point 3 ft. from 
the end. The area of concrete avail- 
able for shear and diagonal tension 
at the support is, therefore, increased 
substantially at the support. Addi- 
tional advantages of these joists are 
that no filler blocks are required at 
the ends as for normal joist construc- 
tion, and the location of the support 
point may be varied within a range 
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of 3 ft. to fit unusual architectural de- 
tails. 

The prestressing of this unit is 
accomplished by a single post-ten- 
sioning cable as shown in the sketch. 
In addition, reinforcing steel is re- 
quired at the support for longitudinal 
tension and for diagonal tension. 
The Prescon System has been used 
for these joists. Either pretensioning 
or post-tensioning may be used. The 
initial design has been made for 
post tensioning because a pretension- 
ing bed is not required, and it has 
other advantages to be noted. 

The highest stress and the most 
critical design problem in this struc- 
ture is in the analysis of shear, 
diagonal tension and _ longitudinal 
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reinforcement near the support 
where the depth is decreasing at a 
greater rate than the bending mo- 
ment. The stresses at the center are 
quite low due to the generous depth. 
To take full advantage of the de- 
sign, the clause in the ACI-ASCE 
Prestressed Concrete Recommenda- 
tions allowing criteria to be set by 
actual load tests should be invoked. 
Such a series of tests is now con- 
templated. Although the design is 
now satisfactory with such tests, it 
is felt that additional economy can 
be achieved. 

A key to the economy of any con- 
crete structural system is the meth- 
od of forming. With this type of 
joist, all spans have precisely the 
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same end detail. The extra depth is 
achieved through the slope of the 
top member. The width of the can- 
tilever top slab may be changed as 
desired to accommodate different 
conditions. 

Steel forms are used. The form 
assembly for each end is twelve feet 
long from the inner end of the bear- 
ing pad. In order to increase the 
span, two units each three feet long 
are inserted between the end units. 
Variation less than this amount can 





also be accommodated by locating 
the bearing points for support of the 
joists. Thus, any span can be ac- 
commodated from 24 ft. to 54 ft. or 
greater for certain live load condi- 
tions. The steel form is constructed 
in a single unit so side forms are 
not removed prior to removal of the 
joist. This speeds fabrication. The 
wide end detail of these joists in- 
creases the torsional stiffness and 
makes erection somewhat easier 
than conventional joists. 


Erection of 56 ft. Flex-Tees on building in Lakewood, Colo. Units produced by 
Flexforms, Inc. Nixon & Jones, architects. Johnson & Voiland, structural engineers 
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Control of camber is not a prob- 
lem in these joists due to the rela- 
tively low stresses in the middle of 
the span. In addition, the post-ten- 
sioning permits tensioning in stages 
so that the concrete is at its opti- 
mum strength and modulus of elas- 
ticity. Measurements taken on 15 
identical units showed a maximum 
variation of 3/8 in. even though the 
initial post-tensioning was applied 
over a range from 2500 psi to 4500 
psi cylinder strengths. The total 
camber averaged about 2 in. Sixty 
per cent of tensioning only is nec- 
essary for handling so that units can 
be removed from the forms for 
greater utilization. 

Preliminary to the design of these 
joists, load tests were made on de- 





velopmental models by the United 
States Testing Company, Inc. of 
Denver. Span of joists was 32 ft., 
2 in: Minimum widths of the web at 
the bottom was 3 in. Initial cracks 
occurred at a load of 60 psf at a 
point about 7 ft. from one end. A 
total of 70 psf was applied to this 
joist. The maximum deflection was 
1.778 in. and the final deflection 24 
hours after release of load was 0.063 
inches. Cracks were not visible after 
load was released. 

Those joists were developed by 
Flexforms, Inc. of Englewood, Colo- 
rado, I. C. Peterson, President, who 
is making this product available 
nationally through local fabrication. 
Ketchum, Konkel and Hastings were 
engaged to review the final design. 
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Folded Plate Concrete Roof 
Is Post-Tensioned in Place 


recent application of prestress- 
A ing in building construction 
combines the advantages of a folded 
plate concrete roof with post-tension- 
ing in place. The project is the 
Cloverleaf Lanes Bowling Alley in 
Da‘ County, Florida, at the south- 
€1n entrance to the Sunshine Park- 
way. The design problem required 
provision of a 34,000 sq. ft. area— 
50 bowling lanes—unobstructed by 
columns. The structural system was 
required to be economical and _at- 


By James Owen Power, 


Chief Engineer, 
Dignum Associates, 
Coral Gables, Fla. 


tractive in appearance. Since con- 
struction time was limited, no sys- 
tem would be acceptable which 
could not be completed rapidly. 
The solution consisted of a corru- 
gated concrete slab, spanning ap- 
proximately 120 ft. and extending 
transversely 286 ft. for the length of 
the building. The overall depth is 6 
ft.; the horizontal module is 22 ft. 
Top and bottom flanges are 8 in. 
thick and the inclined webs are 5 in. 
This folded slab is supported at 


BELOW—Aerial view of Cloverleaf 
Lanes showing folded plate roof. 
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ABOVE—Construction view of roof section showing temporary 
rods and turnbuckles. Note precast concrete window grilles. 


the west end of the span on concrete 
columns which support the center 
of the bottom flange. Precast con- 
crete frames cast to the shape of the 
corrugation were used as window 
grilles as well as diaphragms. At the 
east end, the roof spans to a contin- 
uous 12 in. block wall framed with 
concrete columns and beams. 


Each interior corrugation is rein- 
forced with 14 Roebling eables; 8 
of these are placed straight in the 
bottom flange and 3 are placed para- 
bolically in each web. All cables are 
composed of 12 wires, .276 in. in di- 
ameter. These wires are anchored 
in Freyssinet cones and grouted after 
tensioning. Mild steel was used to 


BELOW—Construction view from interior showing how concrete window grilles were used as 
diaphragms. Note forming still in place between adjacent pairs of corrugations. Prestressed double 


tees are in place in left and right background. 
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provide for temperature stresses and 
load distribution in the transverse 
direction. Special mild steel reinforc- 
ing was added in the top corrugation 
to provide for construction loads 
which will be discussed later. 

At the north and south ends of 
the building, the bottom flange of 
the corrugation rests on a continuous 
block wall and extends outward to 
provide an overhang. The half-bays 


“Prestressed Concrete”. The latter 
was used as a basis for the end 
anchorage design. 

Economic considerations made a 
maximum reuse of forms essential. 
Since this would require the deshor- 
ing of a portion of the roof before 
pouring the adjacent section, it was 
necessary to devise temporary means 
of providing lateral support at longi- 
tudinal construction joints. This was 





ABOVE—Rear wall of bowling lanes showing portable jacking unit in use on roof. 


adjacent to these walls were not 
post-tensioned but reinforced with 
mild steel. The roof design followed 
the requirements of “The Tentative 
Recommendations for Prestressed 
Concrete of the ACI-ASCE Joint 
Committee 323”. Valuable design 
aids were ASCE Proceedings Paper 
1580 “Design of Folded Plates” by 
Howard Simpson and Y. Guyon’s 
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accomplished in the following man- 
ner: Construction joints were limited 
in location to the upper flange and 
permitted no closer together than al- 
ternate bays; that is, it was required 
that at least two bays be poured at 
one time. A longitudinal open joint 
8 in. wide was provided along the 
centerline of the top flange between 
adjacent sections. This joint was 
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poured in after both sections were 
tensioned and shoring was removed. 
Temporary lateral support was pro- 
vided by means of steel rods and 
turnbuckles spaced at 20 ft. on center 
and running from exterior top flange 
to inserts in the interior top flange. 
The exterior top half flange was re- 
inforced to span horizontally be- 
tween the rods. After adjacent sec- 
tions had been deshored and the 
joint between them had been poured, 
these rods were removed. 





The specified concrete strength of 
5000 psi at 5 days with a slump of 
between 2 and 3 in. was obtained by 
means of Type III cement and a re- 
tarder. Double face forming was 
specified to insure that the concrete 
could be properly vibrated without 
displacing it down the slope. 

At the start of the roof construc- 
tion, four corrugations were formed 
and two were poured. During the 
time required for this pour to reach 
the strength required for post-ten- 
sioning, the second pair of corruga- 
tions was poured. The first pair was 
then tensioned, stripped, and forms 
were removed and set up for the 
third pair of corrugations, while the 
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second pair was attaining tensioning 
strength. This procedure was fol- 
lowed throughout the roof construc- 
tion with the exception that a third 
set of forms for two corrugations was 
obtained and used. However, by the 
time they were available, the job was 
progressing so rapidly that it is 
doubtful that they appreciably 
speeded the work. 

The soffit forms were supported on 
prefabricated wood trusses. These 
were stripped and reassembled for 
each pour. Upper face forms were 
prefabricated in sections and _ re- 
moved as the pour progressed. The 
time required to strip, move and re- 
assemble a complete section for two 
corrugations, including placing all 
steel and cables, was four days. In 
addition to the main roof described 
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above, low roof areas also utilized 
prestressed construction. In these 
areas, precast, pretensioned double 
tees were used. 

Although the design was not start- 
ed until February of 1958, it was 
extremely important to the owner 
that the building be ready for use 
by Labor Day of that year. This 
schedule was complicated by the 
foundation condition which consist- 
ed of very loose sand. Because of 
the very rigid stability requirements 
of the alleys themselves, it was nec- 
essary to compact the entire build- 
ing area by means of Vibroflotation. 

Vibroflotation began in April. The 
first pair of roof corrugations was 
poured on May 15 and the last pair 
on June 24. The building was ready 
for bowling on September 1, 1958. 

The total cost of the 48,000 sq. ft. 
building, including air conditioning, 
electrical, paved parking area, and 
Vibroflotation, was $439,000. The 
structural cost was $3.63 per sq. ft. 

Alfred Browning Parker of Miami 
was the architect on the project. 
General contractor was John B. Orr, 
Inc., also of Miami. Prestressing by 
R. H. Wright, Inc., Ft. Lauderdale. 
Engineered by Dignum Associates, 
Miami. James P. McGlinchy was in 
charge of structural design. 


PCI Journal 














Tension 
in Concrete Piles 
During Driving 


by E. A. L. Smith* 


n a recent article published in the 

P.C.I. Journal, Ben C. Gerwick, 
Jr. discussed the problem of hori- 
zontal cracking in prestressed piles 
during driving and stated that in 
certain cases this cracking had been 
eliminated by making the head of 
the pile circular, so that torsional 
stresses could not be transmitted to 
the pile as a result of its engagement 
with a rectangular or square driving 
head (helmet). The writer's com- 
pany has also experienced horizontal 
cracking in prestressed piles in a 
number of instances, but in these 
cases the piles were cylindrical and 
therefore could not have received 
torsional forces from the driving 
head. Investigation disclosed that in 
these cases the failure was due to 
excessive tension in the prestressing 
steel caused by the hammer blow, 
and the failures were eliminated by 
using adequate tensile steel and by 
modifying the driving procedures. 
The following is an attempt to ex- 
plain how tension can arise during 
driving and how its effects may be 
controlled. 

Anyone who has lined up a num- 
ber of billiard balls in the middle 
of a table, with the balls touching 
one another, and has struck the first 
ball with the cue ball, knows that 
the last ball will shoot off by itself 
with a velocity approximately that 


*Chief Mechanical Engineer (Retired ) 
Raymond International, Inc. 
140 Cedar St., New York 6, N.Y. 
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of the cue ball. If the balls were tied 
together in some way, the last ball 
would be restrained from shooting 
off by itself, but the tying element 
would have to exert force and would 
be subjected to tension. In a pre- 
stressed pile, the concrete corre- 
sponds to the row of balls and the 
prestressing steel corresponds to the 
tying element mentioned above, 
since the concrete has little tensile 
strength. 

But if instead of the row of balls 
being placed near the middle of the 
table, they had been so placed that 
the last ball was against one of the 
cushions, then the last ball could 
not have shot off by itself and the 
tying element would have been sub- 
jected to little tension. We may con- 
clude therefore, that objectionable 
tension in piles occurs only under 
certain conditions. Let us examine 
the matter to determine in a general 
way what these conditions are. 

The billiard balls indicate clearly 
that tension (or separation) occurs 
when the end ball is free to shoot 
ahead. The same is true of a pile. 
If the point of a pile is in soft mate- 
rial, it is free to shoot ahead under 
the hammer blow and thus cause 
tension in the pile. If on the other 
hand the point of the pile has pene- 
trated to hard material, it is not free 
to shoot ahead and cannot produce 
tension in the pile. 

The point of a pile is almost al- 
ways in soft material when the first 
hammer blow is struck. This is when 
tension is most likely to occur. 
Sometimes soft material is encount- 
ered lower down. The writer's com- 
pany has found it necessary on 
numerous occasions to reduce the 
stroke of the hammer so as to hit a 
comparatively gentle blow until firm 
bearing material is reached, after 
which the hammer can be allowed to 
hit its full blow. Reducing the stroke 
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of the hammer in this way reduces pany made some tests by freely sus- 
the tensile stresses in the pile and _ pending an 80 ft. prestressed pile in 


eliminates horizontal tensile cracks. a horizontal position and striking it 
Increasing the amount of prestress- at one end with a 15,000 lb. ram 
ing steel used would also tend to which was allowed to swing like a 
eliminate tensile cracks. pendulum so as to hit a blow in a 
In the year 1957 the writer's com- _ horizontal direction equivalent to 
Strain x 10° 
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TYPICAL DYNAMIC STRAIN MEASUREMENTS 
(RUN 112 - Blow 5) 
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the ordinary blow that would result 
from a 39 in. vertical drop. The pile 
was 54 in. in outside diameter with 
a 4% in. wall thickness. The end op- 
posite the hammer was free, thus the 
conditions approximated those en- 
countered in actual driving when the 
point of a pile is in very soft mate- 
rial. The principal measurements 
made in these tests were strains on 
the outer surface of the concrete. 
These strains were measured by 
means of Baldwin Type A-3 electric 
resistance strain gauges, having a 
gauge length of 1 in., attached to 
the concrete surface with Duco ce- 
ment. The strains were recorded by 
oscillographs, and Fig. 1 shows the 
results of one particular hammer 
blow. The curve marked (a) was 
for the head of the pile (b) for 15 
ft. from the head, and (c) for 33 ft. 
from the head. The maximum tensile 
strain recorded was 100 microinches 
(millionths of an inch) per inch at 
33 ft. from the head of the pile. As- 
suming a modulus of elasticity of 
6,000,000 for the concrete (which 
was very strong) the stress per 
square inch in the concrete may be 


Compressive Wave traveling 


down Pile 
_ 
a 






Hammer ( Just 


finished driving) 


w 


obtained by multiplying by 6, thus 
the stress corresponding to 100 mi- 
croinches per inch is 600 psi. The 
concrete in this pile had been pre- 
stressed to about 1,000 psi, therefore 
no tensile cracking actually occurred 
during the test. 

The mathematics of pile driving 
is complicated, but making some 
greatly simplified assumptions for 
purposes of illustration we may ex- 
plain how tension can be produced 
as follows: 

Stress waves in a solid material, 
such as concrete, travel longitudinal- 


ly with a velocity given by the 
formula 
: E 
+= 
V Pp 


where E is the modulus of elasticity, 
and p is the mass per unit volume. 
Assuming concrete with E = 6,000,- 
000 psi, the computed value of V is 
13,600 fps. 

Assume that Fig. 2 represents a 
pile of indefinite length, that has 
been struck by a hammer. The ham- 
mer is assumed to have produced in 
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Fig. 2- Compressive Wave Traveling Down Long Pile. 
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Fig.8- Wave Reflection at Point of i60ft. Pile 


in Soft Ground. 


the pile a compressive wave ABC 
with a peak stress of 1000 psi and 
an overall length of 160 ft. When 
the hammer first struck, the compres- 
sion began to build up as at A, rapid- 
ly reached a peak as at B, then died 
away and returned to zero stress, as 
at C, as the ram slowed up and 
came to rest. 

As stated previously this compres- 
sive stress wave travels down the 
pile at approximately 13,600 fps; for 
instance in Fig. 2 after 0.02 second 
the wave would be at A’B’C’ which 
is 13600 x .02 = 272 ft. further down 
the pile. At any given instant of time 
there is stress in the pile only where 
the wave is at that particular instant. 
Theoretically, if the pile were of in- 
finite length, the wave would travel 
onward forever, but at any given in- 
stant only 160 lineal feet of the pile 
would be in compression. 

If the compressive wave of Fig- 
ure 2 is applied to a pile of definite 
length, and if the point of the pile is 
a “free end” (i.e. if it is in very soft 
material) the compressive wave 
caused by the hammer blow will be 
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reflected at the point of the pile as 
a tension wave of slightly reduced 
intensity. Considering now a pile 160 
ft. long and also considering the ex- 
act instant of time when half the 
length of the wave has been reflect- 
ed, we get the diagram of Figure 3. 

At P in Fig. 3 (the point of the 
pile) the tensile wave almost bal- 
ances the compressive wave and 
there is little stress. Similarly, be- 
tween the head of the pile and loca- 
tion A there is no stress. However, 
between A and P the tensile wave is 
of generally higher stress than the 
compressive wave, therefore net ten- 
sion exists. Near B the net tension 
is maximum. If we wait another frac- 
tion of a second, the diagram of Fig. 
4 will apply. The reflected tension 
wave has now progressed up to the 
head of the pile. The compressive 
wave has disappeared. The full 
length of the pile is in tension, and 
in the vicinity of B the tension is 
maximum. This tension may be more 
than the prestressing steel can safely 
withstand. Horizontal cracks may 
therefore appear anywhere in the 
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Fig. 4— Complete Wave Reflection for 
160 ft. Pile in Soft Ground. 


upper part of a long pile such as peak of the reflected tension wave 
this. B is always overlapped by a com- 

If the pile is short, say 50 ft. long, pressive wave as at D, because the 
there is small chance of horizontal wave length (assumed to be 160 ft. ) 
cracking due to tension. This is illu- _is greater than twice the length of 
strated in Figure 5. In this case the _ the pile. Consequently the maximum 
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Fig. 5— Wave Formation and Reflection 
in 50 ft. Pile in Soft Ground. 
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net tensile stress in a short pile such 
as this is not large enough to crack 
the pile unless the prestressing steel 
is extra small in quantity or the ham- 
mer blow has been unusually severe. 

When the point of a pile reaches 
hard material, the wave caused by 
the hammer blow is reflected from 
the point of the pile as a compres- 
sive (not tensile) wave. At this time 
a full hammer blow can be delivered 
without fear of producing tensile 
failure. Of course, too severe a ham- 
mer blow may cause compressive 
failure, but that is not the subject of 
this paper. 

From the above the following con- 
clusions may be drawn: 
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CONCLUSIONS: 


l. 


bo 


Prestressed piles are sometimes 
subject to tension during driv- 
ing. 

Long Piles are more likely than 
short piles to develop horizon- 
tal tensile cracks. 

Horizontal tensile cracks usual- 
ly appear in the upper half of 
the pile. 

Horizontal tensile cracks may 
be reduced or eliminated by in- 
creasing the prestress or by 
gentle driving using short ham- 
mer strokes until such time as 
the pile point reaches firm re- 
sistance, after which full blows 
may be struck. 


PCI Journal 











Connections By Bond 


by 


Harry Edwards, President 
Leap Associates, Inc. 
Lakeland, Florida 


The writer discusses various adhesive bonding 
agents. He believes prestressed concrete will 
make more extensive use of new bonding 
materials than any other structural industry. 


he history of acceptance of all 

structural materials has shown 
a struggle for the discovery and ap- 
plication of a suitable connection 
for each material. The prestress in- 
dustry will do well to review the 
connection evolution in other ma- 
terials. It will then realize it must 
go through a similar connection 
evolution period itself before it can 
receive its highest acceptance. 

Wood, one of the oldest structural 
materials, is being given a new lease 
on life and prominence because of 
improved connections. The split 
rail fence, the log cabin, the wooden 
peg, have been with us since man 
has had timber cutting tools. The 
nail, while with us only a short time 
in history, is giving way to inven- 
tions in metal connectors and to 
glue. The ability to glue two pieces 
of wood together with a reliable 
bond at a low cost has given us ply- 
wood and the laminated beam. If 
the lumber industry had not solved 
its connection problems, it would be 
obsolete today as a structural ma- 
terial. 


Structural Steel. The structural steel 
industry has had a 100-year struggle 
to gain acceptance. The steel indus- 
try has given the world a strong ma- 
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terial that could be made reliable 
and consistent in its quality; how- 
ever, the steel connection problem 
is still undergoing changes. The 
riveting hammer is seldom heard. In 
its place are welding and high 
strength bolts. However, the steel 
industry is yet to go through another 
and probably its greatest stage— 
bonding by adhesives. 


Aluminum. The aluminum industry 
like wood and steel has been held 
back by connection problems. It, 
too, has used bolting, welding and 
bonding. The latest bonding tech- 
niques have been so strong and re- 
liable that they are used in the as- 
sembly of fighter plane wings for 
the elimination of rivets. The new 
adhesives will open up greater fields 
for structural aluminum. 


Concrete. Precast concrete, too, has 
solved some connection problems. In 
the composite field pour and weld- 
ing have both reached a stage where 
they are doing a satisfactory job. 
However, we should look on this 
stage as comparable to riveting, 
bolting and welding in structural 
steel. None of these stages of devel- 
opment are static. Each industry 
must make its own advancement. 
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Bonding. Prestressed concrete will 
probably make the greatest use of 
all structural industries of the new 
bonding materials. It needs the sim- 
ple solution of bonding. It is a 
growth industry not yet tied down 
by rigid thinking of too much estab- 
lished know-how. Bonding will per- 
mit the designer to go to new and 
advanced designs of built-up and 
laminated sections for greater effi- 
ciency, reduced weight, and lower 
costs. 


Epoxy. There are many bonding 
agents, so many that it is confusing. 
However, at the present stage, there 
is one that seems to be the glamour 
boy. It is the epoxy. Being the star, 
it is also temperamental and costly. 
It is toxic. It is sensitive to humidity 
changes during application. It must 
be applied and cured in a definite 
temperature range. After mixing 
with its hardener, it has a short pot 
life. With all these problems, some 
might say, “let’s forget it.” But we 
believe the rewards gained as a re- 
sult of more research will be well 
worth the effort. An epoxy or one of 
its cousins is probably prestressed 
concrete’s answer to connection 
problems. Let us see what it might 
do. 

The liquid epoxy must be mixed 
with a hardener, or so-called cata- 
lyst, before its molecules will join 
hands and set up to be a very firm, 
tough and strong plastic. During this 
period, while it is setting, it will 
bond very strongly to concrete or 
steel. It has strengths in compres- 
sion, tension and shear greater than 
the strongest portland cement con- 
cretes, up to and beyond 10,000 psi. 
Its pot life, or setting time, may be 
varied from five minutes up to sev- 
eral hours depending on the amount 
of hardener added and the tempera- 
ture. 
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Aggregate or fillers may be add- 
ed to the epoxy to give it body for 
use on joining irregular surfaces 
such as rough concrete castings. 
These fillers may be silica flour, 
ordinary sand used in concrete ag- 
gregates, or even rock and gravel. 

Epoxies may also be applied to 
steel or concrete surfaces to bond 
a composite pour of reinforced con- 
crete to this surface. The epoxies 
used as concrete adhesives have 
been greatly improved by the addi- 
tion of polysulfide liquid polymer, 
commonly known as “Thiokol.” Test 
specimens bonded with “Thiokol”- 
epoxy adhesives generally fail in 
the concrete area away from the ad- 
hesive bond, indicating that the 
bond is stronger than the concrete. 


Results of Tests 
The Thiokol Chemical Corpora- 


tion has conducted a series of tests 
of concrete-to-concrete bonding with 
various plastic formulations. These 
tests would indicate that shear 
strengths of concrete with reinforc- 
ing steel extending all the way to 
the glue line will go as high as 
4,000 psi and that the failure will 
not be in the bond of the adhesive, 
but in the concrete itself. The tests 
would indicate also that it is feasi- 
ble to develop full horizontal shear 
resistance for built-up sections 
whereby various pieces of precast 
and prestressed concrete are bonded 
together to form a structural mem- 
ber. The only disconcerting factor 
on the bond strength of “Thiokol”- 
epoxy adhesives are that the 
strengths drop at elevated tempera- 
tures. At 350 deg. F., the shear 
strength would appear to be 110 psi. 

The perfection of a satisfactory 
bonding technique will permit the 
industry to go to designs with built- 
up sections. For example, it would 
be possible to produce a prestressed 
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concrete truss out of several sepa- 
rate and individual members. The 
concrete truss will consist of a top 
and bottom chord plus diagonals, 
all of which will be bonded together 
with adhesives. This assembly and 
bonding can be done either at the 
plant or at the job site. It may also 
be possible to produce very econom- 
ical Tee sections. These could be 
produced from flat plates requiring 
a very minimum of forming expense 
and a minimum of casting yard 
labor. Both the stems and the top 
flange would be made in the flat 
position directly against the surface 
of a prestressing slab. After they 
have been cast, cured and prestress- 
ed, they would then be assembled 
into their Tee sections. It would also 
be possible to put diaphragms into 
these thin Tees as required. Such a 
Tee joist or Tee beam need be no 
more than 2 1/2 in. in thickness, 
yet it could be made in variable 
depth of sections so as to have a 
span range anywhere from 20 ft. on 


up through 70 or 80 ft. in span. 


Bonded Cover Planks 


The use of a bonding adhesive 
also opens up the way to use a con- 
crete cover plank similar to what 
is now being used in the steel in- 
dustry whenever a cover plate is 
welded to a rolled steel section to 
increase the strength of that sec- 
tion. An example of the cover plank 
might be the use of a prestressed 
concrete plank which would be 
bonded to the underside of the 
Double Tee. This concrete plank 
would be made 2 1/2 in. thick, the 
width of the Double Tee stem, cen- 
ter distance, and the length of some- 
where between 1/3 span and 1/2 
span. This plank would be bonded to 
the underside of the Double Tee 
covering the center half or center 
third of the span. The plank would 
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carry heavy prestressing steel. It 
would be bonded to the stems of the 
Double Tee for the entire length of 
the plank. It would be designed so 
as to take the maximum horizontal 
shear stresses required which would 
be zero at midspan and would in- 
crease to a maximum at endspan. 


Advantages of Bonding 

Similar cover plates or cover 
planks could be also used on Tee 
sections to convert part of their 
span from a Tee section to an I sec- 
tion. This procedure will increase 
the loading capacities of standard 
prestressed Tees and Double Tees. 
It will reduce their deflection and 
will enable them to be used on de- 
signs of considerably longer spans. 
It may also be possible to produce 
columns, electric light poles and 
power poles from thin built-up pre- 
stressed concrete sections. For ex- 
ample, a building column might be 
built up of four concrete planks 
which would be 2 1/2 in. by 16 in. 
in cross section for each plank. This 
would produce a hollow core column 
or pole for long column lengths and 
high loadings. 

The plastic bonding agents can 
also serve as means for attaching 
light joists to their supports to re- 
sist against uplift. This procedure 
has already been used on several 
installations with relatively good 
success. The bonding agents will 
also serve well in the future for the 
attachment of metal hangers to ex- 
posed concrete. It will be possible 
to attach these metal hangers for 
either light or heavy loads at any 
position in the building at less effort 
and less expense than would be re- 
quired for welding a hanger onto 
a steel structure. 

Prestressed concrete stands to 
gain considerably from the full de- 
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velopment of bonding agents used 
for connections. It will open up an 
entirely new development program 
of built-up and assembled concrete 
members for greater efficiency, low- 
er costs, lighter structures and long- 
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er spans. The use of adhesives in the 
prestressed concrete field can be of 
much importance as it has been to 
the timber industry in the develop- 
ment of plywood and_ laminated 
beams. 
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Corrosion Tests 


on Prestressed Concrete Wire and Strand 


Howard J. Godfrey 


Assistant Chief Engineer, Research & Development 
John A. Roebling’s Sons Division, C.F.&l. 


here have been very few cor- 

rosion problems in prestressed 
concrete construction in the United 
States since the first large structure 
was built, approximately ten years 
ago. Under normal working condi- 
tions corrosion of the steel does not 
take place to any serious degree. 
Experience and laboratory investiga- 
tions, however, have shown that 
under certain conditions corrosion 
can take place and cause severe dam- 
age to the steel tensioning elements. 
This paper is presented to illustrate 
some of the conditions which should 
be avoided in order to prevent cor- 
rosion, both before and after the 
steel has been placed in the concrete. 

The design stresses for the ten- 
sioning elements in prestressed con- 
crete are relatively high compared to 
allowable stresses in other types of 


structures, and a high quality prod- 
uct is essential. A large amount of 
effort has been devoted to the devel- 
opment of a satisfactory steel for 
prestressed concrete and its perform- 
ance to date has been very reliable. 

The corrosion of prestressed con- 
crete steels has been investigated by 
other authors'*:* and we are pre- 
senting additional evidence to em- 
phasize the need for recognizing 
specific conditions which would re- 
sult in a corrosion failure of the steel. 
These above authors have 
decisively that when a highly stress- 
ed steel wire is subject to certain 
types of corrosion, failure can take 
place in a distinct manner, as illus- 
trated by Fig. 1. This type of failure 
is termed a stress-corrosion failure 
and is recognized by a penetrating 


shown 


(Continued on page 48 ) 


Fig. 1—Longitudinal section through typi- 
cal stress-corrosion failure in steel wire. 
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Quality 
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PLASTIMENT 


Oneida Lake Bridge, longest prestressed 
bridge in the nation spans 320-ft. from pier 
to pier. The structure consists of twenty- 
four 147-ft. girders weighing 250 tons 
each which cantilever 72 feet over shore 
side piers and ten 222-ton drop-in girders 
231 feet long. All girders were precast 


~ 


and prestressed in 3 job site casting beds. 


PLASTIMENT was specified for its 
proven ability to facilitate placement of 
the concrete in hard-to-get-at sections of 
the 14-ft. high forms; speed strength de- 
velopment (4,000 psi in five days without 
steam curing) permitting early stripping 
of forms and early stressing; control the 
quality of concrete with varying temper- 
atures. Quantities of PLASTIMENT 
were varied according to manufacturer’s 
specifications to assure uniformity under 
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crack rather than a gradual corrosion 
of the wire surface. 

The previous papers referred to 
have also shown that oil tempered 
wire fails much more readily under 
stress-corrosion conditions than does 
hard drawn stress-relieved wire. It 
is for this reason that oil tempered 
wire is not recommended for use in 
prestressed concrete. To further in- 
dicate the superiority of hard drawn 
stress-relieved wire over that of oil 
tempered wire experiments with 
these two types of wire were con- 
ducted in our laboratory. 











through the oil tempered wire (Spec. 
No. 2) at the point of fracture, and 
shows the many transverse cracks 
which had developed near the point 
of fracture during the 38 day test 
period. 

Fig. 3 shows a similar section of 
the hard drawn stress-relieved wire 
which failed after 650 days. The 
stress-relieved wire was badly pitted 
but did not develop any deep pene- 
trating cracks that were so prevalent 
in the oil tempered wire. The type 
of rusting and pitting on the stress- 
relieved wire was similar to that 








Type of Wire 
.192 in. dia. Oil Tempered 


.192 in. dia. Hard Drawn Stress-Rel’ 


— 








Tensile Applied Stress 
Strength Stress Ratio 
psi. psi. Per Cent 
195,000 117,000 60 
251,000 151,000 60 








The test specimens were stressed 
in direct tension to 60 per cent of 
their catalog strength and at the 
same time placed in a nitrate solu- 
tion containing 600 gms. per liter of 
calcium nitrate and 40 gms. per liter 
of ammonium nitrate. A constant 
stress was maintained for the dura- 
tion of the test and the corrosive 
solution was at room temperature. 

The results of the stress-corrosion 
tests are shown in Table I. 

Fig. 2 is a longitudinal section 








which occurs after long exposure to 
outdoor weather conditions. 

The above tests emphasize the 
superiority of hard drawn. stress- 
relieved wire and also show that both 
types of wire should be protected 
from severe corrosion conditions. It 
is generally assumed that once the 
steel is covered with concrete the 
problem of corrosion can be for- 
gotten. However, our investigational 
work indicated that certain precau- 
tions should be taken in regard to 








Table | 


Type of Wire 
.192 in. dia. Oil Tempered 
.192 in. dia. Oil Tempered 


.192 in. dia. Hard Drawn Stress Relieved 1 
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Spec. Time at 
No. Failure 


1 13 Days 
2 38 Days 
650 Days 


Type of Failure 








Stress-corrosion 

Stress-corrosion 

Rusting and pitting 
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Fig. 2—Longitudinal section through failure in oil tempered wire after 
38 days in nitrate solution and under 117,000 psi tensile stress. 


the use of admixtures in the concrete 
mix. 

Calcium chloride is used as an 
additive to concrete mixes to increase 
the rate of hardening and thus re- 
duce the time at which prestressing 

' can take place. The results of a 
study on the effect of calcium chlor- 
ide on the corrosion of steel wire and 
strand are described herewith. The 
concrete mix contained 7.5 bags of 
cement per cubic yard of concrete 
and 5 gallons of water per bag of 


cement. One series of beams was 
made without calcium chloride and 
a second set of beams was made 
with 2 per cent calcium chloride (2 
per cent of the cement content) 
The strength of the concrete as de- 
termined from 2 in. cubes at the age 
of 6 months was 6,000 psi. 

The beams used for the tests were 
3 in. x 3 in. x 48 in. and contained 
one 3/8 in. 7-wire prestressed con- 
crete strand placed in the center of 
the cross section. The steel strand 


Fig. 3—Longitudinal section through failure of hard-drawn stress-relieved 
wire after 650 days in nitrate solution and under 151,000 psi tensile stress 


niles, 
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was pretensioned to 14,000 lbs. or 
175,000 psi. prior to pouring the 
concrete, 

The beams were exposed in an 
industrial atmosphere on the lab- 
oratory roof for a 3-year period, at 
which time one set of each type of 
beam was broken up and the steel 
examined. As illustrated in Fig. 4, 
the steel strands in the beams con- 
taining no calcium chloride were 
free from rust or any other signs of 
corrosion. The strands in the beams 
containing calcium chloride were 
rusted and the wires were severely 
pitted. The corroded condition of 
these strands is also illustrated in 
Fig. 4. The strands were corroded 
along the entire length of the 4-ft. 
beams and most of the corrosion 
took place on the underside of the 
strands. Corrosion was observed on 
the center wire of the strands as 
well as on the six outside wires. The 
strands taken from both sets of 
beams were tested for their tensile 
strength and the results are pre- 
sented in Table II. 

The tensile tests on the 3/8 in. 
diameter strand from the beams 


Dr. Fritz Schwier—Wire and Wire Prod- 
ucts, December 1955 

W. O. Everling—Journal American Iron 
& Steel Institute, 1954 








without calcium chloride showed no 
loss in strength or elongation from 
the original material. 

The strands from the beams con- 
taining calcium chloride showed a 
5 per cent loss in tensile strength 
and a 60 per cent loss in elongation. 

The above tests indicate that pre- 
stressed concrete beams without cal- 
cium chloride in the mix were in 
a very satisfactory condition after 
3 years exposure in an industrial 
atmosphere. The steel strands in the 
beams containing calcium chloride, 
however, were badly corroded and 
indicate that calcium chloride should 
not be permitted in prestressed con- 
crete structures. 

A recent article by Baumel and 
Engell* confirms our results on the 
corrosion of steel in concrete con- 
taining calcium chloride. 

Prestressed concrete has proven to 
be a very satisfactory and economical 
type of construction in this country. 
Every effort should be made to main- 
tain this position by using proper 
construction methods. Protection of 
the steel from corrosion is essential 
for continued success in prestressed 
concrete construction. 

G. T. Spare—Wire and Wire Products, 

eneulies 1954 


A. Baiimel and H. J. Engell—Archiv fiir 
das Eisenhuttenwesen, July 1959 





Table ll 


Tensile Tests on 3/8 in. Dia. Prestressed Concrete 
Strands After Three Years in Concrete Beams 





Spec. 
No. Type of Concrete 


1-A-1 Without Calcium Chloride 
2-A-1 Without Calcium Chloride 


1-B-1 With Calcium Chloride 
2-B-1 With Calcium Chloride 


*Elongation not determined. 
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Per Cent 
Breaking Elongation 
Strength-lbs. in 24 in. 
22,550 6.7 
22,650 - 
21,350 2.6 
21,500 . 


PCI Journal 











ee 








‘epluojy> winirje> yue> sod 7 YysM a4e42U02 Si J ‘ON 

‘@plojYy> wiNIZJe> OU YUM 404202 SI | ‘ON 
‘esoydsouye jemuysnpui ue ui eansodxe sueeA ¢ seyje SWeeq a4912U0>2 WO; 
PeAOWwss Spuess a4042U02 pessesjsosd ‘“eIp “ul Be yO MOIA erejINS—p “BIy 














Cook County, Illinois 


By M. Schupack, 


Partner, Schupack & Zollman, 
Stamford, Conn. 


he construction of longer span 

prestressed concrete bridges is 
still in the earliest stage of develop- 
ment in the United States. This is in 
contrast to the European practice 
where longer span prestressed bridg- 
es of 100 to 300 ft. plus have virtual- 
ly displaced the use of structural 
steel bridges. 

Of the dozen or so prestressed 
bridges in the United States with 
spans over 120 ft., the Montrose 
Avenue Bridge is another indication 
of the potentials and possibilities in 
this still virtually untapped market 
in the prestressed concrete field. This 
bridge was bid on November 9, 1957. 
The bid tabulation below shows the 
favorable prices received. The cost 
of the bare superstructure amounts 
to $13.53 which is a good competi- 








The Montrose Avenue Bridge 


over the Edens Highway 
and Northwest Expressway 








SYNOPSIS 


A three span cast-in-place 
prestressed concrete bridge with 
154-ft. spans was constructed in 
Cook County in 1958. This 
bridge again indicates that pre- 
stressing concepts can be prac- 
tically and economically applied 
to the larger span bridge field. 











tive price for a bridge deck of 154 
ft. spans and a 7 ft. construction 
depth limitation. 

The bridge, in Chicago’s north- 
side, consists of three simple spans 
of 154 ft. each carrying Montrose 
Avenue at a 40 degree skew over the 
junction of the Edens and Northwest 
Expressways. The 81 ft. bridge width 
out-to-out of parapets is made up of 
two 30 ft. roadways, two 8.5 ft. side- 
walks and a 4 ft. median. The bridge 
is divided in half by a joint in the 
median. 














BID PRICES FOR SUPERSTRUCTURE 








| 
Item Unit Quantity Bid Price Total 
Cast-in-place Concrete (5000 psi) cy. 2774 $102.50 $284,300 
Sidewalk, parapet and mall concrete c.y. 110 51.00 5,600 
Prestressing steel lump sum 133,000 
Reinforcing steel Ibs. 347,000 0.15 52,100 
Structural steel Ibs. 107,000 0.40 42,800 

$517,800 4 


52 PCI Journal 











The choice of construction ap- 
proach seemed to favor a cast-in- 
place solution because of the long 
span and the ease supplying false- 
work. In actuality, the contractor 
elected to cast the deck on grade, 
using temporary concrete soffits for 
support. Continuity was considered, 
but not used for the following rea- 
sons: 

a) Did not permit as much reuse 

of falsework and formwork as 
simple span construction. 


b 


~~ 


Did not permit construction of 
substructure and superstruc- 
ture in an almost simultaneous 
operation. 

c) Since three equal spans were 
dictated there was no particular 
economy of material when com- 
pared to simple spans. 

d) Prestressing details became un- 

duly complex for this particular 

job. 
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The completed Montrose Ave. Bridge 
154 ft.; cast-in-place monolithic “T’ beam design. 





: 3 spans at 


e) The saving in bridge shoes, and 
expansion joints did not seem 
to effect the expeditious con- 
struction approach possible 
with simple spans. 


Selection of Cross-Section 


The piers consisted of individual 
shafts, spaced approximately 13 ft. 
on center in the skew, founded on 
spread footings. This type of pier 
was chosen for simplicity and econ- 
omy. One pier shaft was placed un- 
der each web which was spaced 8.5 
ft. on center, with the result that the 
spacing of pier shafts was dictated 
by the spacing of webs in the cast- 
in-place superstructure. It would 
have been preferable to use a larger 
spacing between pier shafts. How- 
ever, the detail problem of finding 
sufficient room for locating the com- 
mercially available prestressing ten- 
dons in fewer webs, precluded wider 
web spacing. The webs were tapered 
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in lieu of using rectangular webs in 
order to economize on prestressing 
requirements. If a rectangular web 
was used more prestressing force 
would have been required, thus 
making it difficult to place the ten- 
dons in the webs and thus requir- 
ing an additional web. 

The prestressing system selected 
by the contractor and approved by 
the consultants was the BBRV sys- 
tem. The individual units consisted 
of 40-0.250 in. diameter wire. For 
longer spans, the use of more mas- 
sive tendons has many advantages. 
This tendon had an initial force of 
approximately 320 kips. If the an- 
chorage and stressing details remain 
practical, even larger capacity ten- 
dons could be used. 


The actual construction of this 


bridge had no particular problem ex- 
cept in getting the subcontractor to 
appreciate the requirements of plac- 
ing tendons. This was rapidly mas- 
tered after the first span. The placing 
of concrete was done most expedi- 
tiously. It took a crew of 14 men 
with two cranes, using transit mix, 
approximately nine hours to place 
460 cu. yd. of concrete. The concrete 
was gravel aggregate with maximum 
1 in. stones and contained seven 
sacks of cement per yard and 6 
ounces of a retarder per sack. In 
weather with temperatures averag- 
ing 60 deg. F., 4500 psi concrete was 
obtained in twelve days and well 
over 5000 psi in twenty-eight days. 

The use of the existing grade as 
the support for the construction of 
the superstructure required careful 


Bridge was built on existing ground. Later soil was excavated out 


from under. Note preparation, 


in foreground, for beam soffits. 
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Placing concrete on the first half-span. 


excavation of the soil after the pre- 
stressing was introduced. Some fric- 
tion of the soffit forms against the 
elastic shortening of the concrete 
was encountered when prestressing. 
However, this did not create any 
problems. 

The stressing of the tendons was 
done expeditiously after the contrac- 
tor became familiar with the equip- 
ment. All tendons were stressed from 
one end only and the expected fric- 
tion for this stressing procedure was 
reflected in the design. The actual 
friction was less than calculated and 
adjustment to stressing was made 
accordingly in the field. The pre- 
stressing of this bridge now accounts 
for the prestressing of 44 individual 
spans each more than 120 ft. long, 
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by the means of one end stressing. 
No trouble of any kind has been en- 
countered in our experience. 

The design of a structure of this 
type follows all the usual procedures 
of prestressed concrete theory. In 
this case the 40 deg. skew actually 
could have an appreciable affect on 
the deck action of this bridge if it 
were a monolith for its entire width. 
However, a longitudinal joint was 
used in the median to obtain more 
individual units of construction and 
also to avoid transverse temperature 
problems. The bridge width along 
the skew line is 106 ft. 

The choice of section in bridges 
of this type, is generally dictated by 
construction considerations such as 
reuse of formwork, tendons to be 
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“Trumpets” to house prestressing anchorages, are bolted to 
plywood bulkhead. Note prefabricated chairs to support pre- 
stressing steel. At right is formwork for interior diaphragm. 


placed, sufficient space for concret- 
ing and vibrating. Based on our ex- 
perience with bridges of this type 
we can generally estimate the ap- 


proximate amount of prestressing 


steel required, and determine that 
a minimum number of web stems 
will result in a minimum of form- 
work and web reinforcing setups. 
Based on the commercially available 


After partial prestress, a tunnel was excavated under one end 
of the beams. The formwork was removed through this tunnel. 
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prestressing tendons and their end The stress table shown below is 


anchorage space requirements, the _ the stress condition at midspan. The 
web spacing is determined. It seems __ relatively small change in stress due 
to generally follow that the concrete __ to live load again demonstrates some 
which comfortably covers a tendon _ of the excellent structural character- 


layout is close to the theoretical con- __ istics of prestressed concrete. 
crete required. Some of the not too well known 
Our design approach is not ele- characteristics of prestressed con- 


gant nor is it direct design, it is crete, particularly in the more mas- 
really an investigation of a practical _sive sections, is the volume change 
section for all the construction re- characteristics. We have found that 
quirements. For spans of this range the camber could be predicted with- 
we have found that our experience in % of an inch for 154 ft. spans. 
gives us the most direct approach. However, our estimate of the rocker 


Stress in an Interior Girder Before and After Prestress Losses: 


Fiber 1 


(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Stress P/A Pe/Z (1)+(2) M /Z (3)4+(4) M /Z (5)4+(6) M /Z (7)+-(8) 
DL ws LL 

Initial: 

Top : ; —1090 +1650 -+560 +200 +760 +660 +1420 

Bottom nie +5210 —2790 +2420 —330 +2090 —1130 +960 
Final: 

Top +1030 —1920 —890 +1650 +760 +200 +960 +660 +1620 

Bottom +1030 +3250 +4280 —2790 +1490 —330 +1160 —1130 +30 





Note: Stresses are in psi. Plus stresses are compression. Nomenclature and data are as follows: 


P = prestressing force = live-load moment Pe — 7,480 kip-ft 
M = moment (wearing surface) of LL A = 1,810 sa. in. 
Ws 214-in. asphaltic concrete = section modulus Z = 47,000 in. 3(top) 
= dead-load moment e = eccentricity T 
DL e = 54—6= 48 in. Z = 27,700 in. 3(bottom) 
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tilt to account for elastic, shrinkage 
and plastic shortening was over-es- 
timated. It would be to the advan- 
tage of the progress of longer span, 
prestressed concrete bridge develop- 
ment, if the camber and change in 
length characteristics would be 
measured and published. 

This was a Federal Aid project 
under the direction of W. J. Mor- 
timer, Superintendent of Highways, 
Hugo J. Stark, Chief Engineer, and 











After final prestress, the soil was excavated from under the span. 


Milton Page, Bridge Engineer of the 
Cook County Highway Department. 
The writer was responsible for the 
design of the entire bridge, and field 
supervision of the prestressed con- 
crete portions of the structure with 
Eugene Marlowe of Schupack and 
Zollman as resident advising engi- 
neer. Joseph T. Ryerson & Son of 
Chicago performed the post-tension- 
ing operations. 
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Composite Construction for Continuity 
Eivind Hognestad, Alan H. Mattock and Paul H. Kaar’ 


(Presented during 1959 PCI Convention) 





SYNOPSIS 





Past activities of the PCA Research and Develop- 
ment Laboratories in the field of prestressed con- 
crete are reviewed, and the fundamental nature of 
this early work is emphasized. 


The highlights of a recent extensive laboratory 
investigation of continuous precast-prestressed 
concrete bridges are presented. The type of bridge 
under study includes precast I-shaped girders con- 
nected into an integral bridge unit by a situ-cast 
deck slab. Continuity from span to span is obtained 
in such composite construction by placing de- 
formed bar reinforcement longitudinally in the 
deck slab across intermediate piers. The investiga- 
tion is being carried out in nine related stages, 
culminating with testing of a complete bridge 
deck over two spans. 





Aside from their application to the specific 
bridge problems involved, the results of these 
studies of composite construction have important 
bearing on building construction. Preparations are 
therefore in progress for similar broad studies of 
precast-prestressed buildings. 











Past Prestressing Work United States and Canada. The 


4 at PCA Laboratories scientific institution that came into 

being during the decade that fol- 
lowed is devoted to all aspects of 
cement and concrete technology, 
from deeply basic research to highly 


7 mid-June of 1948, ground was 
broken in Skokie, Illinois, as the 
first step toward modern research 
and development facilities for the 


ractical engineering development. 
’ Nae i ee = 
| portland cement industry of the Most of the work of the Portland 
*Manager, Senior Development Engineer, Cement Association Laboratories 
and Development Engineer, respectively, has a direct or indirect bearing on 
Structural Development Section, Port- the prestressing industry. For ex- 
land Cement Association Research and ample, work on cement hydration 
Development Laboratories, Skokie, Illi- _ , 
d eee. has aided the development of ac- 
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celerated curing procedures for plant 
production; studies of lightweight 
aggregate concrete technology have 
facilitated the development of im- 
proved prestressed buildings; and 
extensive studies of concrete dura- 
bility have contributed toward long- 
lasting concrete bridges. Also, the 
extensive facilities of the new Fire 
Research Center are being used to 
develop knowledge regarding the 
fire resistance of prestressed concrete 
structures. Our findings are available 
in the publications seen in Fig. 1. 

This brief paper is limited to pre- 
senting the highlights of our struc- 
tural development work having a 
direct bearing on prestressed con- 
crete structures. Such work began in 
1950, soon after the initial facilities 
of the laboratories were completed, 
and a fundamental path was fol- 
lowed in the begining. The mech- 
anism of bond action between pre- 
tensioned reinforcement and concrete 
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was studied thoroughly'*, and de- 
sign criteria were developed. The 
flexural performance of prestressed 
and conventionally reinforced beams 
was compared*, with particular at- 
tention to strength, deflection and 
deflection recovery. A great deal of 
work was devoted to ultimate 
strength design theory*®*. The 
principles of inelastic action and 
strength developed in this work are 
equally applicable to conventionally 
reinforced and prestressed concrete. 
This is also the case for more recent 
work on structural concrete design 
theory, involving redistribution of 
moments by limit design’**. Only 
one major investigation departed 
from this path of fundamental study, 
namely development of a prestressed 
concrete railroad trestle slab’. 

As part of these studies of funda- 
mental characteristics of structural 
concrete, investigations were under- 
taken of various means of connecting 
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Fig. 1—Publications of PCA Laboratories. 
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Fig. 2—Cross section of Structural Laboratory. 


precast members into integral struc- 
tures. It became evident that highly 
effective structural connections could 
be obtained at low cost by combined 
usage of precast and situ-cast con- 
crete. Thus, we began laboratory 
investigations of composite construc- 
tion. 

The work of many investigators at 
home and abroad led to far-reaching 
changes and improvements in design 
theory in the mid-1950’s. At the same 
time, growth of the prestressed con- 
crete industry began to increase 
rapidly. It became clear that the 
evolution of structural concrete that 
began in the 1890's was becoming 
almost a revolution. It became clear 
that, to continue progress, large- 
scale and complex experiments were 
needed to bridge the gaps between 
fundamental structural research and 
the engineering arts of practice, for 
which experiments no laboratory in 
the United States was adequately 
equipped. Thus, it became desirable 
for the Portland Cement Association 
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to build an unusual new structural 
laboratory facility. 


PCA Structural Laboratory 


To accommodate large-scale tests 
of structural assemblies, rather than 
individual components only, the 
PCA Structural Laboratory was built 
in an unusual manner. Instead of 
housing conventional testing ma- 
chines, the laboratory was built as 
a giant testing machine in itself. As 
shown in Fig. 2, the laboratory con- 
tains a test floor built as a heavy box 
girder 12 ft. thick and 56 by 121 ft. 
in plan. Test structures are secured 
to this floor, and loads are applied 
by hydraulic rams acting through 
various arrangements of cross bars 
and tie rods, as illustrated by the 
example shown in Fig. 3. 

In this manner, the facilities re- 
quired for thorough studies of com- 
posite construction and other com- 
plex structural forms became 
available. The test methods which 
were developed™ may also be use- 
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Test specimen 








Oil pump and 
pressure 
indicator 





Maximum oil pressure 
10,000 psi 


Fig. 3—Hydraulic loading of bridge girder. 


ful in tests at prestressing plants of 
new prestressed products and the 
corresponding structural assemblies. 


Experimental Investigation 
of Composite Construction 


The fundamental principles of 
composite bridge construction are 
illustrated in Fig. 4. A series of pre- 
cast girders are erected on piers with 
the girder ends about 6 in. apart. 
Forms for a deck slab are then 
erected and supported by the pre- 
cast girders. In addition to the usual 
slab reinforcement, deformed rein- 
forcing bars are placed longitudinal- 
ly in the deck slab over the piers to 
transfer negative moments from span 
to span. The transverse diaphragms 


are then cast, together with the deck 
slab. In this manner, the situ-cast 
deck slab and the diaphragms serve 
a four-fold purpose: (1) providing a 
roadway accommodating traffic, (2) 
increasing the strength and stiffness 
of the precast girders, (3) connecting 
the girders laterally, and (4) provid- 
ing continuity from span to span 
between precast girders. Similar 
composite construction is used for 
buildings. The function of the situ- 
cast bridge slab may then be served 
by a topping cast on precast channel 
or double-tee slabs, without the need 
for additional forms. 

This type of composite construc- 
tion combines precast, situ-cast, 
prestressed and conventionally rein- 


Fig. 4—Continuity connection in composite construction. 


Situ- cast deck slab, FP teint bar reinforcement 
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Reinforcement in Deck Slab 
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Fig. 5—Static Test of continuity connection. 


forced concrete. The mass-produc- 
tion advantages of precasting and 
the continuity of cast-in-place con- 
struction are merged into a single 
structure. However, composite con- 
struction also leads to several ques- 
tions regarding properties of struc- 
tural concrete not covered previously 
by extensive tests. To answer these 
questions, an experimental investi- 
gation of broad scope is now nearing 
completion at the PCA Laboratories. 
With specific reference to composite 
bridge construction, nine related 
projects were undertaken. 


(1) Girder Continuity 

The first project of the investiga- 
tion concerned the performance of 
the continuity connection under 
static loads. Tests were made in 
which the specimens consisted of 
two precast-prestressed girder stubs 
joined together by a transverse dia- 
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phragm and a reinforced deck slab 
cast on top of the girder stubs. A 
typical testing arrangement is shown 
in Fig. 5. The major variables cov- 
ered were (1) the amount of precom- 
pression in the bottom flange of the 
prestressed girders, and (2) the 
amount of deformed bar reinforce- 
ment placed in the deck slab to de- 
velop continuity. It was found that 
this type of composite construction 
for continuity is basically sound, and 
suitable fundamental design criteria 
were developed. 


(2) Horizontal Shear 
The transfer of horizontal shear 
between precast girders and the situ- 
cast deck slab is of vital importance 
in this type of composite construc- 
tion. A project was therefore carried 
out to study the usefulness of vari- 
ous means of horizontal shear trans- 
(Continued on page 66) 


63 








PRESTRESSED CONCRETE REPORT 


DICKERSON 
USES LESCHEN 


Leschen Strand selected for one of the largest 
strand patterns tensioned in Pennsylvania 


Dickerson Structural Concrete Corporation, Youngwood, Pennsylvania, is 
producing prestressed concrete box beams for highway bridges in Western 
Pennsylvania. The Allegheny County bridge shown utilizes beams 88’8” long 
by 4’ wide by 34’ deep which weigh 37 tons each. Design plans called for 
seventy strands of 3%” diameter in a pattern across the base and partially 
up the sides. 


Dickerson is one of an increasing group of Leschen Prestress Strand customers 
who value the sound advice and practicality of Leschen engineers. 


The technical requirements of prestressing, too, require unvarying strand . 
quality—where every foot matches every other foot. At Leschen, this high 
standard is made possible by a new continuous-flow technique in today’s most 
thoroughly modern wire mill. Here new processes, new machines, new methods 
maintain standards and quality that are above the industry’s specifications. 


If you would like to talk with a Leschen Strand engi- 
neer or receive complete specifications and other helpful 
information, write today to Leschen Wire Rope Division, 
H. K. Porter Company, Inc., St. Louis 12, Mo. 
PRESTRESS STRAND 





Mr. Earle A. Butts, Jr., 
Dickerson Manager, 
looks over the strand 
template used in ten- 
sioning the Allegheny 
County strand pat- 
terns. He reports that 
Leschen Prestress 
Strand has performed 
as a well engineered and 
high quality product. 
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Leschen strand has helped the 
Dickerson plant to meet varying 
design requirements with box 
beams. The Allegheny County 
bridge beams were cast four at a 
time on a 440-foot bed, requiring 
over 30,000 feet of Leschen 34” 
Strand per pour. Tension: 14,000 
pounds per strand ora total force of 
980,000 pounds whichis converted 
toa compressive force in the beam. 


Sagi iE er 


A ees ag ee 
Sil eistetin - +i. 


Positioning these same 37 ton beams on location at highway bridge over Peters Creek 
on T.R. 51 in Allegheny County near Pittsburgh. These beams with a minimum of 
construction depth, replaced an existing steel bridge. 


LESCHEN WIRE |')\\')) 0!) ROPE DIVISION 


H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY: with Rubber and Friction Products—THERMOID DIVISION; Electrical Equ t—DELTA-STAR 
ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION; Copper and Alloys—RIVERSIDE-ALLOY METAL DIV Refractories— 
REFRACTORIES DIVISION: Electric Furnace Steel—CONNORS STEEL DIVISION, VULCAN-KIDD STEEL DIVISION; Fabricated Products 
—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE DIVISION, MOULDINGS DIVISION; and in 
fanada, Refractories, “Disston” Tools, “Federal” Wires and Cables, “Nepcoduct” Systems—H. K. PORTER COMPANY (CANADA) LTD 
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fer. The major variables were: (1) 
adhesive bond, (2) roughness of the 
precast girder top surface, (3) shear 
keys, and (4) stirrups protruding 
from the precast girder into the situ- 
cast clab. Two types of specimens 
were used. In the first type, a short 
length of deck slab was pushed off 
a section of precast girder as shown 
in Fig. 6. Composite T-beams were 
also tested, for some of which the 
contact surface between girder and 
slab was reduced to obtain failures 
in horizontal shear along the joint. 
The relationships between slip and 
shearing stress obtained by the two 
test methods agreed fairly well. The 





results indicate that the maximum 
horizontal shearing stress before 
breakdown of composite action is 
about 500 psi for a rough bonded 
contact surface, and 300 psi for a 
smooth bonded surface. The results 
also indicate that the contributions 
to shearing strength of bond and 
keys are not additive. In the remain- 
ing projects of this investigation, 
therefore, shear keys were not used. 


(3) Bridge Design Studies 

In this third project, the tentative 
bridge structure shown in Fig. 7 was 
designed for H20-S16 loading, using 
information obtained in the first two 





Fig. 6—Horizontal shear test using push-off specimen. 
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Fig. 7—Composite bridge considered in design study. 


projects of this investigation, in ad- 
dition to design methods already 
available elsewhere. These design 
studies brought out a need for addi- 
tional test data, and further projects 
of the investigation were then plan- 
ned. 


(4) Diagonal Tension 

Near intermediate supports, the 
continuous composite girders were 
designed for flexure as conventional- 
ly reinforced concrete members. A 
question therefore arose regarding 
selection of a proper method of di- 
agonal tension and web reinforce- 
ment design. Nominal shearing 
stresses, calculated on the basis of 
the web thickness of the precast 
girders, were unusually high, so that 
the web reinforcement required by 
customary reinforced concrete de- 
sign methods seemed to be excessive. 
A project was therefore undertaken, 
involving tests of half-scale com- 
posite girders loaded by a group of 
point loads simulating the wheel 
loads of the H20-S16 design vehicle. 
The test girders were supported over 
a single span with a tied-down can- 
tilever at one end, as seen in Fig. 8. 


March, 1960 


By suitably varying the tie-down 
force at the end of the cantilever in- 
dependently from the vehicle loads, 
conditions were established in the 
single span corresponding to those 
existing in one span of a two-span 
continuous girder. The variables 
studied were (1) amount of vertical 
stirrup web reinforcement, and (2) 
location of the applied loads—that 
is, the degree of flexure combined 
with shear. The test results indicate 
that the presence of prestress in the 
precast girder has some beneficial 
effect on shearing strength even in 
regions of negative bending moment. 


(5) Flexural Strength 

To extend the findings of the first 
project to the particular conditions 
involved in the bridge structure 
shown in Fig. 7, tests were made of 
a half-scale single girder continuous 
over two spans. As shown in Fig. 9, 
a loading was selected to simulate 
the equivalent lane loading of H20- 
S16. The loads were arranged to 
give the most severe bending mo- 
ment conditions at the intermediate 
support. The composite continuity 
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connection behaved in an entirely 
satisfactory manner. Full redistribu- 
tion of bending moments took place 
before the ultimate strength was 
reached. 


(6) Creep and Shrinkage Studies 
Two half-scale 66-ft. continuous 
girders were placed under a sus- 
tained loading simulating dead load 
of the full-scale prototype 132 ft. 
long, as shown by Fig. 10. This was 
done to study effects of creep and 
differential shrinkage on the conti- 
nuity behavior of the composite 
structure. Extensive measurements 
were made of strains, deflections and 
support reactions. It was found that, 
to ensure fully continuous behavior 
at service loads after an extended pe- 
riod of time, small reverse moments 
set up at interior supports by creep 
deformation must be provided for. 
This was accomplished by suitable 





reinforcing details in one of the two 
girders. 


(7) Fatigue Tests 

Although the strength of the com- 
posite structure was thoroughly 
studied for static loads earlier in this 
investigation, it was considered de- 
sirable also to study repeated load 
effects. As seen in Fig. 11, the half- 
scale specimens used simulated that 
part of a girder taken from the de- 
sign study bridge which extends 20 
ft. either side from the center sup- 
port. The only variable involved in 
these fatigue tests was the maximum 
value of the pulsating load. The 
specimens were supported at the 
diaphragm and were loaded at both 
ends by pulsating rams. It was 
found that a composite connection, 
designed to have a static ultimate 
flexural strength 2.5 times the service 
load moment, can sustain safely over 





Fig. 8—Diagonal tension test of composite girder. 
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Fig. 9—Flexural test of continuous composite girder. 


10 million repetitions of load to 1.5 
times the service load. 


(8) Reverse Bending 

In continuous bridges with more 
than two spans, small positive mo- 
ments may develop at interior gird- 
er support sections under some 
conditions of loading. Static and 
dynamic reverse bending tests were 
therefore carried out to develop 
suitable reinforcing details resisting 
such moments. 


(9) Bridge Test 

The final project of this investiga- 
tion was testing of a complete half- 
scale, two-span continuous bridge. 
Two types of tests took place. Tests 
were first made at service load level 
to study the continuity behavior of 
the composite structure, and also to 
study the transverse distribution of 
concentrated load effects. Such a 
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service load test is seen in progress 
in Fig. 12. Secondly, overload tests 
were carried out, culminating in a 
test to destruction under an arrange- 


ment of four concentrated loads, 
simulating the wheel loads of the 
extraordinary military loading, con- 
sidered in design of bridges for the 
inter-state highway system. In all of 
these tests, extensive measurements 
were made of reactions, deflections 
and strains to permit comparisons 
between the observed behavior of 
the bridge and various theories. 


Publication of Results 

The methods and findings of this 
investigation of composite bridge 
construction are being published in 
a series of Portland Cement Associa- 
tion Development Department Bul- 
letins. The first two parts of the 
series are in press!*!%, and other 
parts will follow during 1960. 
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ABOVE—Fig. 10—Continuous composite girders under sustained load. 


BELOW—Fig. 11—Fatigue tests of continuity connection. 
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Fig. 12—Service load test of continuous composite bridge. 
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CONCLUDING REMARKS 


An extensive investigation carried 
out in the new Structural Laboratory 
of the Portland Cement Association 
concerns composite construction in 
which combined usage is made of 
precast-prestressed bridge girders 
and a conventionally reinforced situ- 
cast deck slab. It is expected that 
the results of this experimental and 
analytical study will contribute im- 
portantly to the science and art of 
prestressed bridge design. 


Aside from their application to 
the specific bridge problems in- 


volved, the results of this investiga- 
tion also contribute toward improve- 
ments in design and construction of 
composite building structures. To 
develop such application fully, a 
new investigation of similar scope is 
being planned for execution in 1960. 
Emphasis will be placed on com- 
posite buildings consisting of precast 
columns, girders and double-tee 
slabs, all connected together into an 
integral continuous structure by a 
situ-cast floor topping containing de- 
formed bar reinforcement. 
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Its Effect 


on the Performance 


by: Ross H. Bryan* 
Consulting Engineer 


Low paper describes the results ob- 
tained from testing 24 beams with 
bundled and spaced strands. The 
prestressing force was maintained 
constant and “d” was varied in 4 x 
11% in. specimens. Four test series 
were made, having four values of 
“d", with three spaced strand speci- 
mens and three bundled strand spec- 
imens made for each series. The re- 
sulting influence on ultimate 
strength, cracking load, crack pat- 
tern, and deflection is tabulated and 
discussed. The test and computed 
ultimate strength loads of the beams 
are compared, using several current 
methods of computing ultimate 
strength. 


*Consulting Engineer, Nashville, Tenn. 


fisure No.l ~ Details 


of Prestressed Beams 


Description Of Test Beams 


The beams were made in the fab- 
ricating plant of the Nashville Breeko 
Block Co. by members of the au- 
thor’s staff. All specimens were 4 in. 
wide by 11% in. deep. Three %e in. 
diameter strands, bundled or spaced, 
were used in all specimens. See Fig. 
1. The strands were tensioned by 
means of a center hole jack, jacking 
against the ends of 12 in. channel 
side forms. Tension in the strands 
was measured both by gauge and 
by elongation. In order to allow for 
the slip in the anchorages, the 
strands were over-tensioned slightly, 
to obtain the finally desired stress. 
A split washer was placed under the 
head of the anchorages to take up 
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FIGURE No. 2 





Showing testing setup and details 


of bundled strands. 





3-0 
_ 
Te 























SOMERS i 


ee 








4-0 








/2-O 











the major portion of travel by the 
jaws. 

Bundling of the strands was ac- 
complished by running the strands 
through a pipe sleeve, which held 
them in contact with each other at 
the desired points. Fig. 2 shows the 
detail used in the fabrication of all 


bundled strand specimens. The 


strands were bundled through the 
middle third portion of the beam and 
spread at the exterior third of the 
beam, to the same anchorage point 
used in fabricating the companion 
spaced strand specimen, which had 
an identical c.g. of strand as the 
bundled strand specimen. 
Fabrication of the beams extended 
over a period of four months, since 
the work had to be fitted into current 
work loads in the office, and was 
sometimes interrupted by inclement 
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weather. The concrete used in the 
test beams was the concrete being 
poured by the plant in its daily pro- 
duction. The beams were left in the 
steel channel form for periods of 
from one to four days, depending 
upon the prevailing temperature and 
availability of man power. Immedi- 
ately after the beam was made, it 
was covered with a curing paper and 
kept protected from the sun and 
rain. Heat was not applied as a cur- 
ing accelerator. 

As the beams were completed, 
they were stockpiled in a storage 
yard. Their age at the time of test- 
ing varied from one to five months. 
Testing of the beams was carried 
out at the laboratory of the Tennes- 
see Agriculture and Industrial State 
College. The beams were tested on 
a 12 ft. span with two point loading, 
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as shown in Fig. 2. Load was applied 
6 in. inside of the point of bundling, 
in order to confine cracking to the 
mid-third of the beam. Test results 
show that the principal tensile 
cracks were formed in this area. The 
crack pattern was marked on each 
beam, and a photograph of each test 
specimen was made after testing. 

Table 1 shows a tabulation of the 
test specimens. The details of strand 
spacing and location are shown in 
Figs. 1 and 2. For each beam series, 
the end anchorage location and 
spacing of strands was identical, for 
the spaced strand specimen and the 
bundled strand specimen; the only 
difference being the bundled strand 
in the mid-third of the beam. 


Tabulation Of Test Results 


Table 2 shows a tabulation of the 
test results and includes the average 
compressive strength of each beam 
series at the time of testing, the ulti- 
mate load required for failure, and 


the estimated cracking load arrived 
at by studying the deflection curves 


and observing and listening to the 
beam. It will be noted that the con- 
crete strengths varied from a mini- 
mum of 6200 to a maximum of 7470 
Ib. This is about the usual variation 
to be expected in a prestressed con- 
crete fabricating plant, where high 
strength concretes are required in 
short curing periods. In evaluating 
cracking and ultimate loads, this 
variation in concrete strengths was 
considered, although in the case of 
ultimate load, it had little effect. 
The recorded ultimate loads ob- 
tained in the test are compared to 
computed ultimate loads in Table 
3. Assumptions used in computing 
the ultimate loads are shown at the 
bottom of the table. In an attempt 
to make an allowance for the varia- 
tion in concrete strength, adjustment 
of test data is made in Table 4, for 
cracking and ultimate loads. It was 
felt that the cracking strength of a 
beam would be approximately pro- 
portional to the ultimate strength of 
the concrete, other things being 
equal. At least this was the thinking 





TABLE NO. 1—TABULATION OF TEST BEAMS 





TYPE NO.BEAMS_ SIZEbxt 


STRAND 


Depth “d” to Strand 
c.g. of Strand Arrangement 





All Beams 
4% 41.25 


All Beams 
4x 11.25 





3-5/16 
All Beams 


3-5/16 
All Beams 


7.00 


7.50 All 
Spaced 


8.25 
9.00 
7.00 


7.50 All 
Bundled 


8.25 
9.00 

















TABLE NO. 2—TABULATION OF TEST RESULTS 


ULTIMATE LOAD 





CRACKING LOAD AVERAGE 


Av. Pu f’c 


Pc Av. Pc Pu 





10,660 
10,200 
9,840 


11,200 
9,880 
10,200 


12,280 
12,400 
12,650 


13,500 
13,980 
13,220 


9,980 
9,100 
9,300 


10,760 
11,500 
11,100 


11,800 
12,000 
11,460 


13,300 
13,700 
13,000 


5,960 10,233 6,700 


5,970 10,427 6,312 


6,657 12,443 6,930 


7,517 13,566 7,445 


5,197 9,460 7,470 


5,903 11,120 7,183 


5,990 11,753 6,200 


8,010 13,333 6,658 

















in determining the coefficient used 
to modify the cracking loads. In the 
case of cracking loads, the adjust- 
ment coefficient is obtained by divid- 
ing the average crushing strength of 
the concrete in the bundled strand 
series by the average strength of the 
concrete in the spaced strand series. 
This gives a modified coefficient to 
the bundled strand series, and a co- 
efficient of one for the spaced strand 
series. In other words, the concrete 
is adjusted to the strength of the 
spaced strand series. 

In computing the coefficient C2, 
which modifies the ultimate strength 
of the beams, the computed value of 
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Ja was used. Again, the adjustment 
was made to the bundled strand 
series, using the spaced strand series 
as a base, with a coefficient of one. 
The modification of the ultimate 
loads originated in the computed 
value of Ky based upon the crushing 
strength of the concrete. The cor- 
rected values of Ky were used in 
computing the final value of Ja, and 
the ratio of the Ja’s thus obtained 
were used in computing the coeffi- 
cient Ce. 


Discussion Of Test Results 


The values of C: P, are plotted in 
Fig. 3, to show the relation between 
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the cracking strength of beams of 
equal depth with spaced and bun- 
dled strand. A study of the curves 
shows that in the smaller depths, 
the spaced strand had a higher crack- 
ing value, and in the upper ranges 
of depth the grouped or bundled 
strand had a higher cracking value. 
It is possible that the large area of 
concrete below the strands in the 
lower depth ranges affected the 
cracking load. This must surely be 
the case in the spaced strand curve, 
where the cracking values for the 7 
in. and 7% in. depths are identical. 
In the upper ranges of depth, the 
bundled strand appears to give bet- 
ter results, as far as cracking is con- 
cerned, but a study of the photo- 
graphs will show that the cracking 
pattern of spaced strand is more de- 
sirable. 

It was observed during the testing 
of the beams that the spaced strand 


specimen appeared to have smaller, 
more closely spaced cracks, and 
tended to perform more uniformly. 
Figs. 9 through 12 show the photo- 
graphs of two test series for both 
spaced and bundled strands. A study 
of these photographs will show that 
the spaced strands specimens have 
more regular cracking patterns and, 
what is probably more important, 
less tendency to slope off in the outer 
areas and become shear cracks. The 
cracks just outside of the load points 
in both of the bundled strand speci- 
mens show marked degrees of slope 
and an indication that a shear com- 
pression failure was imminent. It 
should be stated, however, that a 
shear compression failure did not de- 
velop in any of the test specimens. 
Compression failure always occurred 
at the center of the beam. 

The adjusted ultimate load values 
are plotted in Fig. 4. It is rather 





TABLE NO. 3—COMPARISON OF CALCULATED P ult. TO TEST P ult. 





TYPE d f'c 


Calc. P,, 


Test P, 


Test P,,/Calc. P 





A 7.00 
7.50 
8.25 
9.00 
7.00 
7.50 
8.25 
9.00 


6,700 
6,312 
6,930 
7,445 
7,470 
7,183 
6,200 
6,658 


= TuxJd 


= d—Kd 
2 


= 43,500 
4x.85xf'c 





9,440 
10,100 
11,500 
12,750 

9,559 
10,300 
11,300 
12,600 


= 3x 14500 = 43,500# 


1.085 
1.033 
1.085 
1.062 
0.992 
1.081 
1.040 
1.059 


10,233 
10,427 
12,443 
13,566 

9,460 
11,120 
11,753 
13,333 


P = Mu calc.—DLM Beam 
calc. 2.25 a 
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FigukE 3~Cracking loads for spaced and bundled 
strand with Tu constant and a variable. 
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apparent that these values show the 
typical spread of rather uniform test 
data. A line drawn through the mid- 
dle of the points on the curve would 
lie almost equidistant from all points. 
It is therefore concluded that the 
ultimate strength of the beams was 
not affected by handling of the 
strands. It should be noted here that 
the test data covers a very wide 
range of ratios between the total 
strand spread and the total effec- 
tive depth of the beam to the c.g. 
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of the strand. In the case of beams 
with a 7 in. “d’, this ratio is 0.79 
and in the case of beams with a 9 
in. “d”, the ratio is only 0.167. 

In designing the test series, it was 
felt that the wide spacing of strand 
would effect the ultimate strength 
unfavorably, because of the greater 
elongation required of the bottom 
strands, in order to build up to the 
ultimate capacity of the strand. It 
was felt that in a relatively short, 
deep beam that this would be espe- 
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cially apparent. 

Figs. 5 through 8 show the typical 
load deflection curves of Type B 
and Type D test series. A study of 
these curves will show that the 
spaced strands gave a smaller de- 
flection at all stages of loading. This 
is also contrary to what was expect- 
ed. It would appear that the spaced 
strands, by holding the concrete de- 
formations to a minimum, materially 


increased the effective moment of 
inertia of the beam and thus re- 
duced the deflection and increased 
the cracking load. 

The deflection curves show that 
both the B and D series were loaded 
and unloaded five times. The fifth 
and final loading being carried to 
failure in each case. The first load- 
ing in each case being carried to 
approximate cracking load, but it 





Fisupeé 4 ~Ultimate loads fer spaced and bundled 
Strand with Ta constant and a variable. 
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was intended that the load should 
be removed just before cracking. 
This was the case in most of the 
beams. 

The curves show that on the fourth 
loading, when the beams were load- 
ed to approximately 90 per cent of 
their capacity, recovery was also at 
least 90 per cent and in some cases, 
even greater. There appears to be 
no measurable difference between 
the recovery of a spaced strand spec- 
imen and a bundled strand specimen. 


Stress In Strand At Ultimate Load 


In computing the ultimate loads 
listed in Table 3, the ultimate stress 
in the strand was assumed to be 
the minimum published ultimate 
strength, or 14,500 lb. for each strand. 
The ratio of test to calculated loads 
indicates that this stress was exceed- 
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ed in every case but one. The varia- 
tion ranges as high as 8-1/2 per cent, 
with an average of about 5-1/2 per 
cent. This would indicate that the 
value for the ultimate stress in the 
strand at the time of failure is ap- 
proaching the actual value of the 
ultimate strength of the strand. It 
is recognized that the published min- 
imum strengths are approximately 
10 per cent under the actual break- 
ing strength of the strands of most 
manufacturers. 

It has been proposed by some in- 
vestigators that the stress in the steel 
used in computing ultimate strength 
of a prestressed beam be based up- 
on the following formula, which in- 
cludes the percentage of steel as a 


variable. fsu = 


fc (1-0.5 Bs ). This 
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iN KIPS 


Loaa 


test series had a variation in per- 
centage of steel from 0.482 to 0.620, 
or a variation of approximately 30 
per cent, and it is significant that 
no influence on the ultimate steel 
stress due to this variation in steel 
percentage could be detected in the 
test results. For 6500 lb. concrete 
and a percentage of 0.62, the calcu- 
lated steel stress at ultimate load by 
the above formula gives a total load 
of 38,200 lb. for 3-5/16 in. strands. 
For a steel percentage of 0.482 and 
a concrete stress of 6500 lIb., the 
computed failing load for 3-5/16 in. 
strands is 39,300 lb. Since the test 
results indicate that the beams failed 
at an average steel stress approxi- 
mately 5 per cent greater than the 
stress giving 14,500 lb. per strand 
assumed in the computations, we 
have a failing load in the 5/16 in. 
strands in the average test specimen 


of approximately 15,300 lb. per 
strand. The 15,300 lb. stress per 
strand gives a total force of 45,900 
against the total force computed by 
the above formula of 38,200 for a 
percentage of 0.62; and 39,300 for a 
percentage of 0.48. This is a varia- 
tion of 20 per cent and 17 per cent 
respectively, which is a considerable 
variation and one which may be 
overly conservative. 

It is recognized that the percent- 
ages of steel used in the tests were 
in the low range, but the percent- 
age of the Type A beams was ap- 
proaching, at a value of 0.62 per 
cent, the amount of steel which 
should be used in a design in which 
sudden failure is to be avoided. The 
test series was designed to get a 
maximum load from the steel and 
a delayed concrete failure. 
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Shear 


A study of the ultimate failing 
loads for all beams, and through the 
ranges of all depths, shows that the 
average shearing stress at ultimate 
load was approximately 215 psi 
when computed with the formula 


y 


v =~~. There was no shear rein- 
bjd 


forcement in the beams. The crack 
pattern indicates that a shear com- 
pression failure was probably ap- 
proaching at the load points of the 
beam, but as previously stated, it 
did not occur there. 


CONCLUSIONS 


It is recognized that additional 
test data should be obtained for high- 
er steel percentages, but it appears 
that some conclusions can be drawn 
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from the test data presented. There 
appears to be no measurable differ- 
ence between the ultimate strength 
of a beam with bundled strand and 
a beam with spaced strand, even 
when the spacing of the strand ex- 
tends over a distance equal to 0.90 
of the effective “d”. While the per- 
formance of the spaced strand under 
cracking and deflection, especially 
in the higher load ranges, appears 
to be slightly better than the per- 
formance of beams with bundled 
strand, the performance of both 
types at working loads is almost 
identical and the performance above 
working loads does not show suffi- 
cient variation to warrant the selec- 
tion of one over the other. The most 
important factor brought out by the 
tests is the apparent ultimate 
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strength obtained in the strand at strength of the strand can be used 
failure. For the average design, it | with safety when the beams lie with- 
appears that the published ultimate _ in the under reinforced range. 
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Fig. 9—Series B. d = 7.50” Strand Bundled. 
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Fig. 11—Series D. D = 8.25” Strand Bundled. 


Fig. 12—Series Do. d = 8.25” Strand Bundled. 
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TABLE NO. 4—ADJUSTMENT OF TEST DATA FOR 
VARIATION IN CONCRETE STRENGTH 





TYPE f'c! C, Pe C, Pc C P. ult.! Co P ult. 





A 6,700 1.00 5,960 5,960 1.00 10,233 10,233 
Ao 7,470 0.90 5,197 4,680 0.988 9,460 9,350 
B 6,312 1.00 5,970 5,970 1.00 10,427 10,427 
Bo 7,183 0.88 5,903 5,200 1.00 11,120 11,120 
C 6,930 1.00 6,657 6,657 1.00 12,443 12,443 
Co 6,200 1.12 5,990 6,700 1.015 11,753 11,950 
D 7,445 1.00 7,517 7,517 1.00 13,566 13,566 
Do 6,658 1.12 8,010 8,980 1.012 13,333 13,500 














‘All values average of three test beams. 
C, = f’c of spaced strand 

fc 
C. = Jd of spaced strand 

Jd 
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Readers’ Comment 


Karl H. Middendorf, Chairman of 
the Board, of the Prescon Corpora- 
tion, was a pioneer of prestressing 
and a key figure in its development. 
If you don’t know him you have 
missed meeting a philosopher, an 
engineer of high intellect. Naturally 
any paper submitted to this editor 
by Karl Middendorf would always 
receive prime consideration. Before 
me is one which he believes would 
be of interest to the readers of the 
JOURNAL. It covers a subject which 
I have found to be a theme with 
strong controversial differences of 
opinion. I have therefore opened up 
the “Reader's Comment” section to 
this distinguished pioneer with his 
personal permission to invite criti- 
cism. He very graciously says—“Sure. 
Perfection comes from discussion.” 

First, let me throw in my two bits 
worth of criticism. Stress-relieved 
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wire is many times more resistant 
to stress-corrosion than prestretched 
wire. The modulus of elasticity of 
prestretched wire varies consider- 
ably from one wire to the next mak- 
ing it almost impossible to tension 
a group of wires simultaneously with 
any degree of accuracy. At working 
loads the relaxation of stress-relieved 
wire is less. Wire with an apprecia- 
ble curvature cannot be used for 
making cables but mechanical 
straightening destroys the desired 
elastic properties. Stress-relieving by 
heat restores these properties but 
prestretching does not. Prestretching 
does little to improve the proportion- 
al limit. 

From here on out I invite others 
who differ from Karl Middendorf to 
carry the ball because the subject is 
important to the industry. 

M.P.K. 
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Comparison of Cold-Drawn 
Stress-Relieved Wire 


By Karl H. Middendorf 
Chairman of the Board 
The Prescon Corporation 


Ever since high strength cold- 
drawn wires have been used as com- 
ponents of prestressed tendons, there 
have been advocates of stress-reliev- 
ing through heat treatment and 
stress-relieving through over-stress- 
ing held for a limited period. Gen- 
erally it has been stated that over- 
stressing for a period of two minutes 
would modify the stress-strain rela- 
tionship so that the cold-drawn wire 
would approximate the proportional 
limit, 0.1 per cent offset and 0.2 
per cent offset of  stress-relieved 
wire. 

Our company in the manufacture 
of its custom prefabricated tendons, 
could with minor modification of its 
equipment, produce not only one 
elongation of two minutes but any 
reasonable number of elongations for 
periods up to three or four minutes. 
To determine if comparable results 
could be obtained with a wire cost- 
ing less due to elimination of the 
heat treating process, we ran the 
comparative tests tabulated. 

To establish reasonable compari- 
sons, wire was obtained from the 
mill from the same heat and from 
the same roll as it came from the 
last draw. Part of this wire was heat- 
treated through immersion in a lead 
bath. The stress-relieved wire and 
the cold-drawn wire were tested as 
received. In addition samples of the 
cold-drawn wire were stressed 
through a 3-in. pipe. The wires were 
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cut to an exact equal length and 
headed to assure positive uniform 
length. Elongation required to pro- 
duce a stress of 180,000 psi was cal- 
culated based on a modulus of elas- 
ticity of 24 (10°). In stressing, the 
equipment was set up so that a fixed 
steel shim was inserted to maintain 
the elongation for the required pe- 
riod. The period of rest between 
each elongation was the same as 
the hold period. After the wires were 
stressed as indicated in the tabula- 
tion, they were cut into three equal 
pieces and headed at each end with 
a 3/4-in. diameter washer under 
each head and marked with identi- 
fying numbers. These positive an- 
chored samples were used by the 
laboratory to furnish stress-strain 
curves and other information used 
in developing the data listed in 
the table below. Since the various 
samples came from approximately 
300 ft. of the same draw, it was as- 
sumed that the cross-sectional area 
would be uniform throughout. (See 
accompanying tabulation.) 

The difficulty of establishing the 
point where the stress-strain curve 
of high strength wire departs from 
a reasonably straight line is well 
known. Care was taken to endeavor 
to locate this point as it is felt it is 
quite important in the long life of 
stressed wire in concrete. It is rec- 
ognized, however, that these read- 
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ings could vary 500 psi plus or 
minus. 

The data indicate that each suc- 
cessive elongation raised the elastic 
properties of the wire. Also the prop- 
erties seemed to be enhanced by 
the length of time the elongation 
was held. Projected, it would appear 
that four elongations for a period 
of three or four minutes each, might 
closely approximate the properties 
of stress-relieved wire at 0.2 per 
cent offset and reasonably at 0.1 
per cent offset. 

However, in the area of the pro- 
portional limit it does not appear 
that cold-drawn wire will come with- 
in 20,000 psi of the stress-relieved 
wire. Regardless of the fact that 
wire specifications rarely point to 
this limit as a guide, preferring the 
offset rules for accuracy, tests indi- 
cate that fixed loss due to creep, 
shrinkage, etc., do not fully occur 
within periods of less than two 
years. With a design stress of 144,000 
psi based on 0.6 of a guaranteed 
ultimate of 240,000 psi it is possible 
that 10,000 to 15,000 psi of working 
stress may be lost. 

It would appear that if cold- 
drawn wire is to be used the work- 
ing stress should be held to a maxi- 
mum of 0.50 to 0.55 of the ultimate 
instead of 0.6 used for stress-re- 
lieved wire depending on the num- 
ber and length of elongations. In ad- 
dition, it would appear that the 
single elongation for two minutes is 
insufficient and should be increased 
not only as to time but as to the 
number of repetitions. It is expected 





that the percentage of elongation in 
10-in. would be considerably below 
that of the stress-relieved wire. In 
this respect the cold-drawn wire 
proved ample in all cases to meet 
the most rigorous specifications. 
Although the cold-drawn wire was 
received in approximately 36-in. coils 
and thus had a distinct curvature, 
it was hoped that the prestraining 
would tend to straighten it. The tab- 
ulation shows that this was a false 
hope. Apparently there is no way 
to have a straight wire except to 
have it straight and cooled before 
coiling in 6-ft. rolls at the mill. 
Straighteners can be used on cold- 
drawn wire prior to elongation. 
Straightening of any wire, however, 
after the proportional limit has been 
increased either by heat-treating or 
elongation will drop the proportion- 
al limit almost to the original value 
of the cold-drawn wire. This has 
been demonstrated by redrawing 
wire after stress-relieving. Where 
straightening, acute bending, or 
drawing are required as a part of 
the stressing operation, there is no 
virtue in using stress-relieved wire. 
The logical procedure is to reduce 
the working stress as suggested. 
Considering the reduced stresses 
which should be used with cold- 
drawn wire in relation to the cost 
difference between cold-drawn and 
stress-relieved, there does not ap- 
pear to be an economic advantage 
in its use, except where stressing 
procedures would invalidate the val- 
ues gained by stress relieving 
through heat treatment. 
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penetrometer 
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Direct Reading Indicator main- 
tains the Reading until reset. 
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Trade where 


your cents 
save dollars 


We have prestress cable lifting 
hooks—all types—3/8” and 7/16” 
made to your specifications or 
shipped from our stock. 

Prices and samples on request. 
We buy scrap prestressing strand 
also. 


Write, call or wire 


MOVITZ 
ENTERPRISES, INC. 


P.O. Box 2044 
Pompano Beach, Florida 
Telephones: WH—1-8709 
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The new forms and handling frame 
shown on this page were developed 
for one specific reason—to help you 
tut your operating costs. Each fea- 
ure, the form-locks, the tilt-back, 
nd the handling frame was fully 
ested under working conditions for 
nany months. In every test, the 
esults were the same —faster strip- yew FORM HANDLING FRAME* 
ing and resetting of forms.Get the __ ie 

full story. Clip the coupon below opting: pen — 
@nd ask your local Form-Crete man smooth action. Pulls and 


or full details. resets sections 50-footor 
i longer with ease. 












NEW TILT-BACK OCTAGONAL PILING FORM 








SQUARE PILING FORM 
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ITH FORM LOCK mit hinged form to swing NEW CHANNEL FORM WITH FORM LOCK 
orm-Lock feature locks sides in perfect away for quick removal of Locked in perfect alignment during cast- 
ignment for pouring. When locks are cast product. 


ing operation, the sides of this form flex 
out when locks are released allowing 
quick removal of product. 


leased, sides flex away from product 
Dr easy stripping. 


*Patents applied for 
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Prestressed 
Concrete Piles 
go way dow 
to raise 
Hawaii's 
aaleksjamelst-leicnie) 
apartments 


The new, 12-story Diamond Head Apart- 
ments, built at a cost of more than $1,700,- 
000, is a model of beauty, luxury and im- 
pressive construction methods. 


The structure’s seashore site made for some 
difficulties during the foundation phase. The 
refusal depth of the prestressed concrete 
underpinnings in the unpredictable coral 
was unknown and could only be discovered 
by driving. One pile, in fact, broke through 
a coral shelf and sank out of sight. An exca- 
vation was dug until the top of the pile was 
recovered. Then dowel bars were placed in 
the top and an additional pile spliced on and 
driven to refusal—some 70 ft down. 


The floor framing throughout is of precast, 
prestressed concrete I-joists, with poured-in- 
place slab shown above. This type of eco- 


nomical framing is rapidly gaining in popu- 
larity. The spacing between joists can be ar- 
ranged to take standard plywood form 
sheets, making for extreme simplicity of 
installation. 


Roebling has long advocated the prestressed 
method and has manufactured highest qual- 
ity stress-relieved prestressing strand for 
fabricators throughout the country. Our 
knowledge, data and experience, covering 
every phase of prestressed concrete, are at 
your disposal. We invite inquiries on what- 
ever aspect may interest you. Write Roeb- 
ling’s Construction Materials Division, 
Trenton 2, N. J. 


ROE BLING 


Branch Offices in Principal Cities 
John A, Roebling's Sons Division 
The Colorado Fuel and Iron Corporation 
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